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The  animal  as  a  PRIME  MOVER. 


By  R.  H.  Thurston. 


PART    I.      THE    HUMAN     ANIMAL    AS     A    VITAI,    PRIME    MOVER 

AND  A  THOUGHT-MACHINE  ;    THE  ENERGETICS  OF  THE 

VITAL   MACHINE;    ITS    TRANSFORMATIONS. 

The  Vital  Engine^  the  body  of  every  vertebrate  animal — 
from  the  human  ruler  of  all,  down  to  the  lowest  organism 
having  a  cartilaginous  frame — is  to-day  well  recognized,  as, 
in  the  engineer's  classification,  a  "prime  motor,"  in  which 
the  latent  forces  and  energies  of  a  combustible  **  food,"  of  a 
fuel,  as  many  suppose  it,  are  evolved,  transferred  and  trans- 
formed to  perform  the  work  of  the  organism  itself,  to  supply 
heat  to  keep  it  at  the  temperature  necessary  for  the  efficient 
operation  of  the  machine,  and  for  the  performance  of  exter- 
nal work.  The  value  of  the  machine  as  a  prime  mover  is 
dependent  upon  the  relation  between  this  external  work,  so 
far  as  it  can  be  applied  to  useful  purposes  as  labor,  and  the 
Vol.  CXXXIX.  i 
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costs  of  its  production  in  fuel  or  energy  supply,  and  in  wear 
and  tear  and  replacement,  precisely  as  with  any  other 
machine  of  the  class,  whether  the  source  of  power  be  chem- 
ical, thermal,  electrical  or  vital. 

The  work  of  the  machine  is,  however,  a  very  different 
quality  and  is  vastly  different  in  quantity,  useful  work  being 
compared  with  supplied  energy  and  incidental  expenditures 
from  that  of  any  other  known  motor.  In  the  water-wheels  and 
windmills,  the  office  of  the  motor  is  simply  that  of  transfer 
of  energy  of  flowing  currents  of  fluid,  of  water  or  of  air,  and, 
without  transformation,  to  mechanism  suitable  for  giving  it 
useful  application.  The  heat  engines  develop  energy  pre- 
viously "latent,"  potential,  as  the  modern  nomenclature 
would  call  it,  into  the  kinetic  form  of  thermal  motion,  and 
by  transformation,  so  far  as  may  be  practicable,  into  the 
dynamic  form,  make  it  available  for  work.  Electro-dynamic 
machinery  similarly  makes  available  by  transformation  the 
energy  of  the  electric  current ;  and  none  of  these  machines 
has  any  other  function  than  that  of  making  useful  some  one 
energy  previously  stored  by  the  operations  of  Nature  in  such 
form  as  to  be  readily  applied  to  his  purposes  by  the  hand  of 
man. 

The  vital  machine,  on  the  other  hand,  has  purposes  and 
performs  offices  of  essentially  different  kinds.  It  must  not 
only  transform  the  latent  energies  of  the  supplies  received 
by  it  into  useful  external  work,  but  all  its  work  being 
directed  toward  the  sustenance  and  preservation  of  the 
contained  soul,  as  its  principal  and  always  essential  pur- 
pose, all  its  operations  being  automatic  or  self-directed,  all 
its  powers  of  transformation  of  energy  are  demanded  for 
the  production,  by  transformation,  presumably,  of  (i)  the 
vital  forces  and  energies ;  (2)  the  physical  energies  de- 
manded in  constructing,  rebuilding  and  operating  the  ani- 
mal frame ;  (3)  the  external  work  required  to  furnish  the 
body  supplies,  to  protect  it  from  decay  or  injury,  and  to 
minister  to  the  physical  wants  and  ethical  requirements  of 
the  personality  of  which  it  is  at  once  the  home  and  the 
vehicle. 

This  curious  prime  mover  is  thus  an  apparatus  which. 
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from  familiar  sources  of  energy,  transfers  and  transforms, 
for  its  own  purposes  and  applications,  a  variety  of  energies, 
performing  a  variety  of  work  in  various  realms.  The  nature 
and  composition  of  the  sources  of  latent  energy,  always 
chemical  compounds  capable  of  oxidation,  are  well  known ; 
the  character  and  method  of  many  of  the  internal,  as  well 
as  of  the  external  expenditures  of  energy,  are  equally  well 
understood  ;  but  there  are  a  variety  and  considerable  num- 
ber of  internal  operations,  involving  transformations  of 
energy,  the  nature  and  method  of  which  are  entirely  beyond 
observation  by  any  process  of  experimentation  yet  devised. 

"  Food  "  is  taken  into  the  body,  enters  into  solution  with 
the  peptic  fluids,  elaborated  from  previously  supplied  nutri- 
ment, is  absorbed  into  the  circulation,  and  disappears  from 
our  sight  and  reach  ;  heat,  carbon-dioxide,  vapor  of  water, 
various  salts,  and  a  considerable  proportion  of  unutilized 
nutriment,  are  rejected  from  the  system,  and  work  is  per- 
formed as  the  product  of  transformed  energies  and  in  large 
amount,  both  within  the  machine  and  upon  external  bodies. 
A  chain  of  energy  transformations  is  in  continuous  opera- 
tion, of  which  we  see  the  two  ends,  so  far  as  the  vital  ma- 
chine is  concerned,  but  of  which  we  only  get  occasional 
glimpses  between  the  extremities,  and  some  of  the  links  of 
which  are,  as  yet,  undiscovered  and  unknown.  It  is  certain 
that  the  series  of  changes,  material  and  kinetic,  involves 
familiar  methods  of  transformation,  and  it  is  hardly  less 
certain  that  singular  and  probably  wonderful  and  unknown 
processes  of  energy  development  and  transformation  are 
concealed  within  this  miracle  among  machines. 

Possibly  a  study  of  the  present  state  of  scientific  research, 
relative  to  this  machine,  may  give  at  least  some  idea  of  the 
importance  and  complexity  of  the  problems  here  placed 
before  the  man  of  science  and  the  engineer,  if  not  give  a 
clue  to  their  final  solution. 

The  source  of  power  in  the  animal  machine  is  invariably 
the  stored  chemical  energy  of  vegetation,  the  potential 
energy  of  the  hydrocarbons  and  other  compounds  contained 
in  all  plants,  and  capable  of  uniting  wath  oxygen,  to  form 
carbonic  acid,  water,  and  salts  capable  of  solution  in  water. 
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It  is  possible,  but  perhaps  not  probable,  that  other  sub- 
stanees  and  energies  forming-  constituents  of  these  com- 
pounds may  exist,  having  eluded  the  investigating  chemist 
and  physicist;  but  this  is  thought  unlikely.  We  probably 
know  precisely  what  enters  the  animal  prime  motor,  and 
what  are  the  sources  of  all  its  energies.  Food  and  air  are 
the  two  known  elements  of  all  its  powers.  It  is  also  pos- 
sible, but  probably  not  the  fact,  that  this  machine  may 
drink  in  from  the  surrounding  ether  some  portion  of  its 
energy  in  forms  still  undetected  and  unsuspected.  We  are 
compelled,  for  the  present,  certainly,  to  assume  that  all  the 
energies  developed  and  applied  in  the  vital  machine  are 
initially  latent  in  vegetable  matter,  air  and  water.  This 
organic  substance  is  derived,  by  the  carnivorous  animals, 
indirectly,  through  the  other  creatures,  all  of  which  live 
upon  vegetation  directly.  The  organic  forces  of  plant-life 
derive  all  energy  from  the  inorganic  world  of  minerals,  and 
from  the  gases  of  the  atmosphere,  by  utilizing  the  primary 
energy  of  solar  rays  in  the  chlorophyll  with  which  every 
leaf  is  provided,  as  the  active  agent  in  that  transformation. 
The  vital  machine  thus  ultimately  derives  all  its  energies 
from  the  sun. 

Food  is  the  material  in  which  are  stored  the  substances 
supplied  to  the  vital  machine  as  the  reservoir  of  the  potential 
energy  from  which  the  required  energies,  in  various  active 
forms,  may  be  derived,  as  demanded,  to  perform  the  work  of 
the  body  and  the  mind.  It  consists  of  a  mixture  of  edible 
and  other  matter,  the  former  being  that  part  from  which 
energy  is  derivable ;  the  latter  being  indigestible  and  unas- 
similable,  and  only  useful  in  promoting,  by  mechanical  irri- 
tation, the  action  of  the  digestive  system. 

All  foods  contain : 

Water ;  required  for  solution  of  nutrients. 

Nutrients — protein,  fats,  carbohydrates. 

Innutrient  matter. 

Protein  consists  of  the  albuminoids,  and,  in  vegetable 
matter,  the  amides,  a  less  valuable  portion  of  the  food.  The 
white  of  Qgg,  the  fibrine  of  meat,  and  the  gluten  of  wheats 
are  illustrations  of  albuminoid  compositions. 
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Fats,  such  as  those  of  meat,  and  the  greases  of  vegeta- 
tion, the  oils  of  the  animal  and  vegetable  compounds, 
extractable  by  ether,  constitute  the  basis  of  construction  of 
the  fats  of  the  body  and  of  a  part  of  the  nerve  and  brain 
substance. 

Carbohydrates  are  the  starches  and  sugars  of  the  vege- 
table. 

Salts  are  found  in  both  animal  and  vegetable  foods,  and 
are,  in  some  cases,  essential  elements  of  the  compositions 
making  up  the  body,  though  not,  in  the  ordinary  sense, 
digestible  and  nutrient. 

Mineral  matters  constitute,  in  the  case  of  the  vegetable 
foods,  the  principal  portion  of  the  innutrient  matter  of  food, 
and  form  the  ash  when  the  plant  is  burned.  In  some  cases 
these  mineral  matters  serve  as  stimulants  to  digestive  and 
other  physiological  processes,  even  when  not  themselves  in 
any  degree  digestible,  and  are,  for  that  reason,  essential 
constituents  of  food.  It  is  for  this  reason,  largely,  that 
vegetable  foods  are  indispensable  to  perfect  action  of  the 
functions  and  to  bodily  and  mental  health.  The  vegetable 
food  also,  especially  the  fruits  and  grains,  contain  the  re- 
quired elements  of  all  the  compositions  of  the  animal  system 
in  best  proportion,  and  best  arranged  for  utilization  by  man 
and  all  other  except  the  purely  carnivorous  animals.  Could 
the  whole  animal  be  used  as  food,  including  blood  and 
nerve  and  bone  and  brain,  animal  food  would  be  substan- 
tially correct  in  composition  ;  but  itwould  still  lack  the  stim- 
ulating property  of  the  other  class  of  foods  which  comes  of 
the  presence  of  the  mineral  and  indigestible  elements. 

The  uses  of  food  are  mainly  two:  (i)  To  supply  material 
for  the  building  up  and  the  repair  and  maintenance  of  the 
tissues  of  the  body;  (2)  To  furnish  the  energies  required  in 
the  operation  of  the  animal  machine  in  their  various  forms 
and  in  due  proportion. 

The  first  is  the  direct  application  of  a  portion  of  the 
food  ;  the  second  disposition  of  the  elements  of  the  food  and 
their  potential  energy  may  be  direct,  as  probably  in  the  use 
of  the  fats,  the  combustion  of  which  to  carbon-dioxide  and 
water  results  in   the  production   of  immediately  available 
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energy ;  or  it  may  be  indirect,  as  where  the  carbohydrates 
are  first  digested  and,  later,  consumed  in  similar  manner  to 
the  fats;  or,  still  more  indirectly,  as  where  the  protein  be- 
comes first  a  part  of  the  flesh,  or  of  the  nervous  system,  and, 
later,  broken  down  in  the  course  of  the  work  of  the  body, 
serves  as  fuel  or  otherwise  in  the  production  of  heat  or 
other  energy  by  its  oxidation. 

Protein  forms  tissue,  muscular,  nervous  and  other.  Fats 
form  a  part  of  the  nervous  tissue,  and  carbohydrates  are 
converted  by  the  digestive  organs  into  fats,  and  then  serve 
the  same  purposes.  Both  the  latter  compounds  serve  as 
fuel  or  energy-storing  reservoirs,  contain  a  quantity  of 
potential  energy,  which  is,  sooner  or  later,  drawn  upon  in 
the  development  of  the  various  energies  utilized  in  the 
operations  of  the  body  and  the  brain.  It  is  usually  assumed 
that  the  energy  demanded  is  that  of  thermal  molecular  motion 
and  that  the  value  of  the  foods  may  be  measured  by  their 
calorific  content  or  potential  thermal  energy.  Until  it  is 
known  just  what  energies  are  employed  in  the  numerous  and 
varied  operations  of  the  living  creature,  and  to  what  extent 
they  are  severally  derivable  from  the  potential  energy  of 
the  various  foods,  and  transformable  from  one  into  another, 
and  especially  from  or  into  thermal  energy,  no  better 
method  can  be  devised  than  that  which  assumes  the  value 
of  foods,  properly  compounded  in  imitation  of  Nature's  known 
proportions — as  in  milk  for  children,  fruit  of  palatable  char- 
acter, and  grains  for  adults — to  be  proportional  to  their 
calorific  measure.  Pure  carbon,  or  the  pure  carbohydrates, 
however,  are  not  foods  in  a  proper  sense,  as  they  could  not 
be  converted  into  muscle,  nerve  or  bone,  and  only  serve,  in 
themselves,  for  energy-storage  for  use  by  a  body  composed 
of  protein  largely,  and  of  other  essential  matter  in  less  pro- 
portion. On  the  other  hand,  the  muscle  and  nerve  and 
bone-making  constituents,  alone  serve  to  build  up  the 
machine,  but  not  to  operate  it.  Ultimately,  however,  it  is 
supposed  that  the  stored  energy  of  the  latter  class  of  com- 
positions become  available,  and  thus  both,  the  original  pro- 
portions being  correct,  may  have  a  kind  of  measure  of  value 
in  that  of  their  fuel  constituents.     For  highest    efficiency, 
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the  proportions  of  the  constituents  must  be  suitable  for  the 
individual  case,  and  availability  by  digestion  and  assimila- 
tion, and  in  the  provocation  of  all  essential  vital  ;,         ^^-cp^^ 
is  quite  as  essential  as  either  of  the  other  required 
of  the  food. 

The  protein  compounds  are  all  nitrogenous,  whether  in 
the  form  of  albumen,  fibrine,  casein  or  gluten.  These  com- 
pounds are  fairly  uniform  in  value.  The  carbohydrates  dif- 
fer greatly  among  themselves  in  this  respect ;  the  fats  are 
substantially  of  equal  value  as  measured  by  thermal  con- 
tents, but  differ  in  palatableness  and  digestibility,  and  thus 
in  food  value.  Neither  the  carbohydrates  nor  the  fats  con- 
tain nitrogen,  and  they  are  simply  useful  in  furnishing  a 
supply  of  heat  or  other  energy.  One  unit  weight  of  carbon 
and  one  of  protein  yield  substantially  equal  quantities  of 
energy,  about  14,500  B.T.  U.,  or  1,860  calories  per  unit  weight. 
Its  energ}^  is  sufficient  to  raise  2,850  tons  one  foot  high.  The 
same  weight  of  carbohydrate  has  usually  very  nearly  the 
same  force-value.  A  similar  weight  of  fat  should  have  50 
per  cent,  more  stored  energy — about  4,700  foot-tons.  A 
pound  of  corn-meal  should  supply  a  quantity  of  energy 
equal  to  two-thirds  that  of  an  equal  weight  of  carbon,  about 
2,080  foot-tons,  1,360  calories. 

The  food  consumed  daily  by  a  powerful  working  man 
contains,  on  the  average,  about  3J  ounces  of  protein,  6 
ounces  of  fat  and  14  ounces  of  carbohydrates,  according  to 
Professor  Woods.  Its  energy  measures  sensibly  the  same 
as  that  of  2\  pounds  of  corn-meal.  Its  protein  and  fats 
come  largely  from  the  flesh-food  contained  in  the  daily 
ration.  The  carbohydrates  come  entirely  from  the  vegetable 
constituents.  Another  illustrative  example  of  a  ration 
given  by  the  same  authority  measures  3 '8  ounces  of  protein, 
5  ounces  of  fat,  15  ounces  of  carbohydrates.  The  energy 
stored  in  the  food  thus  taken  measured  5,400  foot-tons  or 
3,530  calories.  A  standard  ration  for  swine  contains  about 
7,500  foot-tons,  4,900  calories  per  100  pounds  weight.  That 
for  cows  measures  4,600  foot-tons,  3,000  calories,  approxi- 
mately, per  100  pounds  weight.  The  ration  for  sheep 
measures  5,900  foot-tons  and  3,550  calories  per  100  pounds. 
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Food-energy  transforjnation  is  the  office  of  the  vital  ma- 
oh^'----  The  fish  can  traverse  the  water  all  day;  the  bird 
Mg-h  the  air  all  day;  man  and  the  animals  on 
k  all  day;  and  it  is  evident  that,  as  suggested  by 
PetL.^  ,  cheir  tasks  must  be  not  very  far  different  in 
magnitude.  All  exert  powers  approximately  proportional 
to  the  volume  of  the  seasoned  working  muscles  employed  in 
these  tasks,  which,  according  to  various  authors,  is  not  far 
from  about  the  equivalent  in  work  of  one  atmosphere,  fifteen 
pounds,  per  square  inch  of  section  of  fibre,  rising  to  some- 
what higher  figures ;  but  all  are  very  moderate  intensities 
as  compared  with  those  adopted  in  machinery  and  in  pro- 
portion to  weights  developing  them.  None  can,  therefore, 
find  in  peculiar  tenacities  or  intensities  of  action  of  working 
parts  a  means  of  attaining  remarkable  power,  even  in  the 
case  of  the  bird,  which  was  formerly  supposed  to  enormously 
excel  all  other  creatures  in  its  concentration  of  power  in 
mass  and  muscle.  We  seem  thus  reduced  to  the  study  of 
the  methods  of  transformation  of  energy  of  the  foods.  The 
fact  that  venous  blood  is  warmer  than  arterial,  though  ver^^ 
slightly,  is  another  evidence  that  the  transformations  of 
matter,  as  well  as  of  energy,  in  these  processes,  occur  in  the 
muscular  system ;  and  the  path  into  which  investigation 
must  be  turned  would  seem  to  be  fairly  well  located. 

Dr.  Carpenter  was,  perhaps,  the  first  to  elaborate  fully 
and  clearly  the  idea  that  the  germ  of  the  organism  is  not 
the  concentrated  essence  and  energy  of  the  organism  and 
all  its  progeny,  but  that  it  is  rather  constituted  as  "a  direct- 
ive agency,  thus  rather  representing  the  control  exercised 
by  the  superintendent  builder,  who  is  charged  with  the 
working  out  of  the  design  of  the  architect,  than  the  bodily 
force  of  the  workmen  who  labor  under  his  guidance  in  the 
construction  of  the  fabric."  The  actual  constructive  force, 
he  thinks — as  we  now  can  see,  very  possibly,  wrongly — is 
heat.* 


*  "Thus  in  the  case  of  the  successive  viviparous  broods  of  the  Aphides,  a 
germ  force  capable  of  organizing  a  mass  of  living  structures  which  would 
amount  (it  has  been  calculated)  in  the  tenth  brood  to  the  bulk  of  500,000,000 
of  stout  men,  must  have  been  shut  up  in  a  single  individual,  weighing  perhaps 
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It  may  now  be  taken  as  certain  that,  as  Dr.  Carpenter 
asserted  in  1850,  "in  some  way  or  other,  fresh  organizinj^ 
force  is  constantly  being  supplied  from  without''  during  the 
whole  period  of  activity  of  the  vital  machine,  which  con- 
tinues, by  inheritance,  to  transmit  the  power  of  absorption 
and  transformation  and  of  direction  of  this  absorbed  energy, 
for  all  its  various  purposes,  throughout  the  life  of  the  whole 
line  of  its  posterity,  and  that  of  the  race. 

Liebig,  Carpenter,  Grove,  and  others,  have  long  ago  pre- 
pared the  way  for  the  acceptance  of  the  proposition  that  the 
organs  of  the  animal  which  elaborate  its  powers  constitute 
an  apparatus  fitted  to  simply  divert  the  energy  received  as 
latent  in  the  food  and  awakened  by  the  chemical  processes 
constituting  digestion,  assimilation  and  nutrition,  and  to 
direct  it  into  its  new  channels  in  the  form  of  heat,  mechani- 
cal energy  and  vital  power.  Sir  Benjamin  Brodie  found 
that  the  act  of  respiration,  simply,  did  not  sustain  the  tem- 
perature of  the  body,  and  that  the  action  of  the  spinal  col- 
umn was  essential  to  the  normal  development  of  heat. 
Helmholtz  found  the  chemical  changes  greater  in  muscle  in 
use  than  when  at  rest,  and  a  larger  proportion  of  waste,  due 
the  breakdown  of  tissue,  to  be  produced.  Beclard  found 
the  quantity  of  heat  developed  by  voluntary  muscular  con- 
traction greater  when  simply  an  effort  is  produced,  as  when 
grasping  an  object  firmly,  than  when  doing  work,  as  by  lift- 
ing the  object.  Matteucci  found  that  muscles  absorb 
oxygen  and  throw  off  carbon-dioxide  when  doing  work,  and 
in  larger  amount  as  more  work  is  performed. 

Dr.  Flint,  after  a  very  beautiful  investigation  of  the  con- 
ditions of  the  muscular  system  and  the  changes  of  tissue,  in 
the  case  of  the  pedestrian  Weston,  after  a  five-day's  walk, 
as  well  as  throughout  equal  periods  during  and  before  the 
treraendous  effort  which  carried  him  over  11 7*5  miles  at  the 
mean  rate  of  over  four  miles  per  hour  of  actual  travel,  con- 
cluded that   "  work  is  always  attended  with  destruction  of 


the  x^V(5th  of  a  grain,  from  which  the  first  brood  was  evolved,"  if  the  theory 
was  true  ,  and  "  the  bodies  of  all  men  who  have  lived  from  the  time  of  Adam 
to  the  present  day  must  have  been  concentrated  in  the  body  of  their  common 
ancestor." 
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mu.sciilar  substance  ;"  "  the  direct  source  of  muscular  power 
is  to  be  looked  for  in  the  muscle  itself."  He  thinks  that  the 
muscular  tissue  "  cannot  be  absolutely  stationary,  and  dis- 
assimilation  must  go  on  to  a  certain  extent,  even  if  no  work 
is  done.  This  loss  must  be  repaired  by  food  to  maintain 
life."  That  this  is  ordinarily,  or  at  least  may  be,  a  very 
small  proportion  of  the  energy-effect,  is  evident  from 
the  well-known  conditions  of  hybernation  and  by  the  fact 
that  Dr.  Tanner  and  others  have  fasted  for  forty  days  and 
more,  with  no  great  apparent  loss  of  vital  and  essential 
strength,  and  seemingly  at  only  the  cost  of  accumulated  fat 
disposed  of  as  a  superfluity,  previously,  in  the  spaces  between 
the  muscles.  In  the  case  of  severe  labor,  as  where  a 
pedestrian  continually  exerted  all  his  powers  for  days 
together,  Flint  has  proven  clearly  that  large  quantities  of 
muscular  tissue  are  broken  down.* 

The  proportion  of  nitrogenized  or  muscle-making  food 
to  non-nitrogenized,  in  the  walk  here  referred  to,  was,  as 
measured  in  units  of  energy,  about  as  5,700,000  foot-pounds 
to  39,000,000,  or  about  fifteen  per  cent. ;  which  figure  will  be 
recognized  later  as  corroborated  by  other  and  independent 
methods  of  examination  of  this  subject.  The  total  absorbed 
energy  would  thus  be  about  11,000,000  foot-pounds  per  day, 
plus  that  derived  by  the  breaking  down  of  tissue  to  the  extent 
of  the  total  value  of  about  3,500,000  foot-pounds,  700,000  per 
day  ;  that  is  to  say,  1 1,700,000  foot-pounds  of  energy  were  sup- 
plied the  system  per  day,  when  doing  an  extraordinarily  large 
amount  of  work,  both  externally  and  internally.f  But  Wes- 
ton is  a  small  man,  and  probably  ten  per  cent,  should  be 
added  to  make  these  figures  comparable  with  those  else- 
where given  as  the  average  for  a  working  man,  10,000,000 
foot-pounds.  This  gives  a  total  of  over  12,000,000  foot- 
pounds, or  twenty  per  cent,  of  the  estimated  figure  to  be 
later  computed  for  the  average  regular  day's  work.     The 

*  "  The  Source  of  Muscular  Power."  New  York  :  D.  Appleton  &  Co. 
1878. 

fThe  vital  machine  consists  of  about  forty  per  cent,  muscle,  of  which 
a  half  is  water,  12*5  per  cent,  blood,  2  per  cent,  brain,  and  the  remainder 
is  skeleton  and  internal  organs. 
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food  taken  averag"ed  about  twenty  ounces,  a  pound  and  a 
quarter,  but  was  somewhat  concentrated,  and  stimulating" 
in  more  than  ordinary  degree. 

As  remarked  by  Professor  Foster,'^'  "  from  many  consid- 
erations, it  is  extremely  probable  that  a  chemical  change, 
an  explosive  decomposition  of  more  complex  into  more 
simple  substances,  is  the  basis  of  a  nervous  impulse."  The 
energy  thus  developed  is  largely  in  this  case  employed  in 
conveying  the  impulse  along  the  nerve  and  in  setting  up 
muscular  or  mental  evolutions  and  applications  of  energy 
at  its  extremity. 

The  introduction  of  chemical  actions  in  the  production  of 
solution  of  the  available  constituents  of  the  food  is  one  of  the 
essential  elements  of  the  extraordinarily  perfect  utilization 
of  all  its  substance,  of  its  complete  digestion,  entire  absorp- 
tion and  thorough  assimilation.  Only  from  a  state  of  solu- 
tion could  complete  absorption  or  precipitation  take  place. 
Food  undergoes  "  profound  disruption  "  before  it  can  become 
a  part  of  the  body  or  furnish  it  energy.  "  It  would  almost 
seem  that  the  qualities  of  each  particle  of  living  protoplasm 
were  of  such  an  individual  character  that  it  had  to  be 
built  up  afresh  from  almost  the  very  beginning. "f 

The  presence  of  considerable  quantities  of  phosphorus, 
especially  in  the  nervous  system  of  the  animal,  indicates 
that  chemical  actions  may  be  very  rapid,  and  possibly  may 
especially  indicate  the  resultant  production  of  peculiar 
material  and  non-material  output,  as  the  electric  current  of 
the  gymnotus,  if  not  all  animals,  light  in  the  fire-fly,  the 
vital  forces  of  all  vital  machines.  The  presence  of  water  in 
large  quantity  points  the  same  way. 

The  blood  is  the  carrier  and  distributor  of  all  potential 
energy  from  the  dissolved  material  of  supply,  and  the 
capacity  of  the  blood-vessels  is  probably  something  of  a 
gauge  of  the  quantity  of  energy  supplied  the  parts  to  which 
they  lead,  and  of  the  mean  rate  of  expenditure  during  their 
period  of  operation  and  restoration  to  normal  condition  of 
rest.     Whether   the   nutriment   and   the   potential    energy 


*  Encyclopaedia  Britannica.     Art.  Physiology,  p.  21, 
t  Ibid 
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thus  conveyed  supply  energy  directly,  as  supposed  by  Dr. 
Pavy  and  others/  or  indirectly  by  the  upbuilding-  of  tissue 
later  broken  down  and  supplying  directly  the  stock  of 
energy  needed  for  transformation,  as  supposed  and  probably 
experimentally  proven  by  Dr.  Flint,t  the  result  is  the  same. 

The  influence  of  the  form  in  which  the  potential  energy 
is  supplied  the  machine  is  well  exhibited  where,  as  in  penal 
institutions  like  that  of  the  State  of  New  York,  "  experi- 
mental classes  can  be  formed  and  the  effect  of  the  changes 
thus  found  practicable,  observed  and  measured.  The  in- 
verse ratio  of  food-supply  to  crime  and  to  illness  had  long 
been  recognized  by  students  in  anthropology  and  sociology ; 
the  fact  that  every  variation  of  the  quality  of  an  ample 
food-GUpply  produces  an  effect  upon  our  moods,  our  powers 
and  our  ability  to  perform  mental  even  more  than  manual 
work,  is  a  daily  observation  with  every  one  ;  and  the  sugges- 
tion has  even  been  made  that  the  selection  of  nutriments  may 
be  made  to  produce  effects  of  economic  importance  in  both 
directions — in  making  the  human  as  well  as  the  lower  order 
of  machine  better  as  a  motor,  better  as  an  intelligent  worker, 
and  even  better  as  a  thinker  and  as  a  moral  creature — which 
lines  of  improvement  are  all  essential  to  further  progress  in 
either  direction.  So  far  as  both  experiment  and  general 
observation  have  gone,  at  present,  it  may  safely  be  stated 
there  can  be  no  question  that  the  value,  the  power,  the  effi- 
ciency and  durability  of  the  mechanical  and  of  the  mental 
side  of  the  vital  apparatus  are  both  influenced  essentially 
by  the  nature  of  the  material  selected  as  the  reservoir  of 
potential  energy,  to  be  rendered  kinetic  and  to  be  applied  to 
useful  purposes  by  it. 

As  indicated  by  Dr.  Carpenter,  in  the  middle  of  the  nine- 
teenth century,  it  would  seem  now  certain  that  "  motor  force 
may  be  developed,  like  heat,  by  the  metamorphosis  of  con- 
stituents of  food  which  are  not  converted  into  living  tissue  ;" 
while  there  is  also  no  doubt  that,  in  many  cases  at  least,  the 
disintegration  of  tissue  which  has  completed  its  period  of 
service  in  the  organism  may,  precisely  as  does  the  digestion 

*  The  Lancet,  Nov.  25,  1876. 

'\ Journal  of  Anatomy  and  Physiology ,  Oct.,  1877. 


Jan.,  1895.]  Tlic  A)ii))uil  as  a  Privic  Mover.  13 

of  animal  food,  perform  its  part  in  llic  supply  of  potential 
energy  to  the  system  for  utilization  in  vital  and  other  opera- 
tions. As  the  same  great  physicist  and  physiologist  has 
stated  it  : 

•*  The  life  of  man  or  of  any  of  the  higher  animals  consists 
essentially  in  the  manifestation  of  forces  of  various  kinds,  of 
which  the  organism  is  the  instrument,  and  these  forces  are 
developed  by  the  retrograde  metamorphosis  of  the  organic 
compounds  generated  by  the  instrumentality  of  plants. 

"  Thus,  during  the  whole  life  of  the  animal,  the  organism 
is  restoring  to  the  world  around  both  the  materials  and  the 
forces  which  it  draws  from  it ;  and  after  its  death  this  res- 
toration is  completed,  as  in  plants,  by  the  final  decomposi- 
tion of  its  substance." 

As  was,  perhaps,  first  stated  explicitly,  by  Liebig,  we 
find  that  the  sources  of  all  forces,  powers,  energies,  in  man 
and  animals,  are  to  be  found  in  the  food  constructed  by  the 
plants  out  of  mineral  substances  under  the  active  energy  of 
the  sun's  rays,  which  energy,  becoming  thus  latent,  is  re- 
awakened by  the  vital  apparatus  and  directed  into  useful 
channels,  constructing  the  whole  animal  machine,  and  doing 
all   its   work — muscular,  thermal,    electrical,  vital,   mentaL 

The  quantity  of  energy  imported  into  the  vital  machine^  is,  in 
any  individual  case,  readily  measurable.  It  differs  greatly 
with  the  species,  size,  temperament  and  work,  external  and 
internal,  of  the  animal,  and  very  greatly  with  the  efficiency 
of  its  apparatus  of  digestion  and  assimilation.  While,  for 
example,  one  man  will  live  and  enjoy  life  and  do  his  full 
share  of  work  on  one  pound  of  good  food  per  day,  another 
will  often  require  two  pounds  or  more  ;  and,  in  some  in- 
stances, in  which  disease  had  reduced  the  assimilative  pow- 
ers, as  much  as  seven  pounds  have  been  demanded  and  still 
proved  insufficient  to  supply  the  needed  total  energy  of  the 
system.  For  a  healthy  and  hard-working  man,  Dr.  Pavy 
gives  two  pounds  of  bread  and  075  pound  of  meat  as  a  fair 
ration  for  a  day."  Moleschott  gives  a  total  of  forty  six 
ounces,  or   about   twenty-three    ounces  in  a  dry  state,  and 

*  "  Treatise  on  Foods." 
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sixty  to  eighty  ounces  of  water  in  twenty-four  hours.  Voit 
gives  500  to  800  grams,  or  about  seventeen  to  twenty- 
seven  ounces  of  nutrient  matter  in  the  food  taken^  ;  and, 
on  the  same  basis,  eliminating  wastes,  the  principal  inves- 
tigators give  about  550  grams,  nearly  twenty  ounces,  as  an 
average.  Edward  Atkinson  gives  from  2  to  275  pounds 
per  day  of  common  foods  as  dietaries  on  which  life  can  be 
sustained  and  ordinary  work  done  without  strain  ;  but  he 
allows  four  pounds  for  what  may  be  termed  "  good  living."f 
Much  of  the  food  included  in  the  bill  of  fare  of  the  well-to- 
do  citizen  has  no  real  value  in  nutrition  ;  some  of  it  is 
actually  and  often  seriously  detrimental,  and  some,  possibly 
a  large  proportion,  is  simply  superfluity  and  waste. 

The  food  of  a  working  man  contains  about  15  percent, 
nitrogenous  matter ;  that  of  a  young  child  20  per  cent. 
Milk  contains  25  per  cent,,  uncombined  water,  as  in  the  pre- 
ceding cases,  eliminated.  Eighty-five  per  cent,  of  the  food 
of  the  man  is  thus  applicable  to  work,  and  1 5  per  cent,  to 
muscle-making.  Three-fourths  of  the  child's  food  is  suita- 
ble for  work  and  production  of  fat ;  one-fourth  for  making 
muscle.  An  ^'g^  contains  11  per  cent,  fat,  17*6  per  cent, 
albumen,  and  i'5  mineral  matter;  or  dry,  37  per  cent,  fat,  58 
per  cent,  albumen  and  5  per  cent,  minerals  ;  i.  e.,  apparently 
nitrogenous  matter  constituted  about  o*6  the  total  weight  of 
the  body.  A  large  fraction  of  the  food  is  thus  required  for 
work  and  heat,  a  small  proportion  for  building  up  the 
machine,  or  for  its  repair. 

Wheat  is  usually  considered  the  most  perfectly  com- 
pounded of  the  grains  adapted  for  the  food  of  man.  It  con- 
tains, according  to  Scammel,  14:6  per  cent,  muscle-making 
elements,  66"4  per  cent,  heat-producing  material,  i'6  per 
cent,  nerve  and  brain  food,  and  17*4  water  and  waste.  Oat- 
meal contains,  respectively,  17,  50*8,  3  and  30*5  percent,  of 
these  elements.  The  meats  contain  20,  14,  2  and  64  per 
cent.  Fish  require  little  heat,  obviously,  and  as  food  con- 
tain 20  per  cent,  muscle-making  material,   i  per  cent,  fat, 

*  MoWs  Manual. 

t  Thurston's  "  Animal  as  a  Prime  Mover,"  p.  76. 
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5  per  cent,  brain  and  nerve  food,  and  74  per  cent,  water 
and  waste.  Oysters  contain  two-thirds  as  much  solid  matter 
of  substantially  the  same  composition.  On  the  whole,  four 
times  as  much  energy  is  supplied  in  good  food  for  heat  and 
work  as  for  muscle-repair,  and  forty  times  as  much  as  for 
brain  and  nerve. 

Frankland  finds  the  energy  per  pound  of  common  foods 
to  range  from  2,000  or  3,000  British  thermal  units  in  the 
case  of  the  lean  meats,  to  about  7,000  with  the  grains  and 
their  flours,  and  to  over  15,000  in  the  case  of  the  solid  fats. 
The  underground  vegetables,  which  can  hardly  be  called 
foods,  such  as  potatoes,  cabbage,  carrots,  contain  three- 
fourths  to  seven-eighths  their  weight  water,  and  only  supply 
from  800  to  1,800  British  thermal  units  of  energy.  In  foot- 
pounds of  dynamic  power,  the  figures  are,  600,000  to  1,400,- 
000  for  the  last-mentioned  substances,  1,500,000  or  2,300,000 
for  the  lean  meats,  5,000,000  to  6,000,000  for  the  grain  foods, 
and  12,000,000  for  the  fats  per  pound  of  nutriment  digested. 
This  comparison,  however,  gives  no  clue  to  their  values  as 
foods  and  as  nutriment  of  the  vital  machine,  since  it  is 
known  that  the  heat-producing  value  is  but  a  part  of  the 
question,  and  that  the  power  of  assimilating  the  elements 
of  the  body  and  of  producing  muscle,  nerve,  brain  and  bone 
is  no  less  essential  to  the  maintenance  of  the  efficiency  of 
the  machine  than  the  production  of  thermal  or  other  equiva- 
lent energies.  The  grains  have  double  the  value  of  the 
meats  as  brain  and  nerve  foods,  and  the  coarse  vegetables 
one-fourth  the  value  of  the  grains  in  this  respect.  Butter 
and  lard,  the  best  heat-producers,  have  no  value  at  all  as 
muscle  and  nerve  material.* 

Voit  and  others  give  the  correct  proportion  of  these 
•elements  in  good  food  as  about  120  grams  protein,  50 
^rams  of  fats,  550  grams  of  carbohydrates,  a  total  of, 
say,  700  grams,  about  twenty-three  ounces  per  day,  as  the 
requirement  of  a  man  doing  a  day's  work  at  muscular  labor. 
This  provides  not  far  from  3,000  calories  of  thermal  energy 
by  oxidation.     Voit  gives  a  total  required  energy  in  thermal 

'*'  Scammel.     Ibid.,  p.  74. 
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units  of  from  3,000  to  3,300  calories,  Playfair  from  3,000  to 
3,700,  and  Atwater  from  2,820  to  4,060  calories  ;  or,  collecting 
all  the  best  authorities,  we  may  say  that  3,000  calories^ 
about  12,000  B.  T.  U.,  may  be  taken  as  representative  of  the 
demand  of  the  machine  for  energy  when  doing  little  external 
work,  and  4,000  calories,  about  16,000  B.  T.  U.,  when  per- 
forming a  hard  day's  work  every  day.  This  means  the 
equivalent  of  one  pound  of  ordinary  coal  for  the  first,  and 
an  equal  weight  of  the  best  coal  for  the  second  case,  burned 
completely  and  with,  consequently,  maximum  production  of 
thermal  energy  and  dynamic  power.  One  pound  of  fairly 
good  coal,  say,  about  13,000  B.  T.  U.  of  energy,  may  be 
assumed  as  ample  for  the  production  of  all  the  work  and 
power,  and  all  the  active  phenomena,  internal  as  well  as 
external,  of  the  human  machine,  when  doing  a  full  day's 
work. 

This  is    10,000,000  foot-pounds,  nearly,  of  energy  supplied. 

So  far  as  now  known,  this  food-suppily  and  the  oxygen  re- 
quired for  its  complete  combustion,  with  some  nitrogen  and 
a  minute  quantity  of  mineral  matter,  constitute  the  total  in- 
take of  the  animal  machine,  except  that  a  quart  of  water, 
more  or  less,  is  needed  to  dilute  the  circulating  fluids  of  the 
system.  The  next  question  for  our  examination  is  :  What 
amounts  of  energy  are  expended  and  utilized  in  the  various 
processes  of  the  operation,  of  maintenance  and  repair,  and 
of  performance  of  external  work,  useful  and  useless,  in  an 
average  day,  with  its  usual  distribution  of  working  time  and 
rest  ? 

The  efficiency  of  the  animal,  considered  as  a  machine,  is 
now  well  understood  to  be  dependent,  in  large  measure,  for 
any  given  individual,  upon  the  character  of  the  material  in 
which  the  stored  energy  supplied  it  is  presented.  It  is- 
coming  to  be  understood,  also,  that  the  same  is  true  of  the 
vital  prime  mover,  considered  as  a  thought-producer.  It  is 
well  known,  also,  that  this  is  an  important  element  in  the 
maintenance  of  that  ideal  state,  "  perfect  health,"  to  which 
we  may  approximate,  but  never  absolutely  reach,  and  the  ap- 
proximation to  which  measures  approximation  to  maximum 
efficiency  under  otherwise  most  favorable  possible  condi- 
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tions.  From  this  point  of  view  it  is  interesting  to  study 
the  following-  summary  of  the  distribution  of  nutritive  and 
of  heat-producing  elements  in  the  best  dietaries,  accord- 
ing to  acccepted  authorities,  that  have  been  3'et  pro- 
posed. The  nutrients,  the  nitrogenous  matters,  are  classed 
as  including  the  muscle  of  meats,  the  casein  of  milk, 
the  gluten  of  grains ;  while  the  fats  and  carbohydrates 
are  taken  as  purely  heat-producing,  and  the  following  dia- 
gram and  tables,  from  the  report  of  1893  of  the  Elmira 
Reformatory,  gives  the  best  condensed  view  of  the  data 
required  that  the  writer  has  yet  seen."^^' 

The  Standard  Dietary  for  man  is  usually  given  as  not  far 
from  a  weight  of  700  grams,  of  which  about  60  per  cent,  is 
generally  starchy  food,  20  per  cent,  fats,  and  the  remainder 
nitrogenous  ;  the  potential  energy  stored  is  about  3,650  cal- 
ories.f  But  while  the  actual  dietaries  are  commonly  largely 
composed  of  animal  food,  it  should  be  at  all  times  remem- 
bered that  the  teachings  of  comparative  anatomy  and  of 
general  experience,  so  far  as  careful  observation  informs  us,, 
indicate  that  the  vegetable  starches  and  fats  and  proteins- 
are  more  suitable  for  the  animal  prime  motor,  and  even  still 
more  to  the  thought- machine,  than  the  carnivorous  foods.:]: 

It  will  be  noted  that  the  lower  limit  of  supply  ranges 
close  upon  400  grams,  2,000 calories,  8,000  B.T.U.,  for  little  or 


*The  Eighteenth  Year-Book  of  the  New  York  State  Refoimatory,  at 
Elmira,  issued,  under  the  supervision  of  its  distinguished  and  successful 
superintendent,  as  wholly  the  product  of  the  talent  of  its  officers  and  of  the 
manual  skill  and  the  taste  of  its  inmates,  contains  exceedingly  valuable  and 
interesting  accounts  of  the  manual  training  system  and  trade  schools  there 
so  fruitfully  operated. 

t  For  present  purposes  it  will  be  sufficiently  accurate  to  take  the  gram  as 
one-thirtieth  of  an  ounce  and  the  calorie  as  four  British  thermal  units. 

t  See  particularly,  Schlickeysen;  Fruit  and  Bread,  a  Scientific  Diet;  Hol- 
brook's  translation,  1877.  See,  also,  various  papers  of  The  Anthropological 
Institute  of  Great  Britain,  as  that  of  C.  O.  Groom,  Napier,  and  the  address  of 
Dr.  Denis  at  the  International  Congress  of  Anthropology,  of  1892;  which 
papers  and  various  researches  now  becoming  familiar,  show  the  influence  of 
the  character  of  the  energy-storing  material  supplied  the  vital  engine  upon 
its  power  and  efficienc}'  in  both  fields  of  application  of  kinetic  energy  derived 
from  the  original  store  of  potential. 
Vol.  CXXXIX.  2 
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no  labor ;  that  it  is  not  far  from  600  grams,  3,000  calories, 
12,000  B.T.U.  for  the  working  man;  while  double  these 
figures  may  be  reached. 


I.— STANDARD  AND  ACTUAI.  DIEITARIES. 


PROTEIN, 


FATS. 


CARBOHYDRATES. 


POTENTIAL    ENERGY, 


T r 


Nutrients,  Grams 


200    400    600    800    1000   1200  1400     1600 


— I 1 1 1 1 1 \ — 

1000  2000  3000  4000  5000  6000  7000   80|00 


Potential  [nergy .  Calones 


Subsistence  diet  (Playfair) 

Under-fed  laborers,  lyombardy,  Italy    .   .   , 

Students,  Japan 

I^awyers,  Munich,  Germany 

Well-paid  mechanic,  Munich,  Germany  .   . 

Well-fed  blacksmith,  England 

German  soldiers,  peace  footing 

■German  soldiers,  war  footing 

Ihrench-Canadian  families,  Canada     .... 

Mechanics  and  factory  operatives,  Mass.     . 
Well-to-do  family,  Conn 

College  students,  Northern  &  Eastern  States 
Machinists,  Boston,  Mass 

Hard- worked  teamsters,  etc.,  Boston,  Mass. 
U.  S.  Army  Ration 

U.  S.  Navy  Ration 

N.  Y.  S.  Reformatory  Standard 
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On  account  of  unavoidable  waste,  exact  standards  cannot 
be  adopted  in  a  practical  ideal  dietary,  and  it  is  universally 
deemed  necessary  to  establish,  beside  an  exact  standard,  an 
actual  practical  standard  dietary,  with  somewhat  increased 
allowance.  The  first  table  furnishes  a  comparison  of  certain 
daily  dietaries  computed  principally  by  Prof.  W.  O.  Atwater, 
and  bearing-  upon  people  in  various  parts  of  the  globe — to- 
gether with  lines  indicating  the  theoretical  standard  dietary 
adopted  in  the  Reformatory.  The  second  table  offers  a 
comparison  between  this  exact  standard  and  the  actual 
dietary  as  provided  in  three  grades  established  at  Elmira, 
and  in  contrast,  other  standards  established  by  Playfair  and 
Voit  for  adults  in  general,  and  for  inmates  of  penal  institu- 
tions. 

IL— IDEAL  AND  ACTUAL  PENAL  DIETARIES. 


Nutrients.  Grams 


'  ■  ' — ' — \ — I — 1 

?00    400    600    800    1000    I2|00 

-. ^ y ^ y 1 


Potential  Energy.  Caiones 


1000    ?000    3000  4000  SOCK)   6000 


*  Reformatory  Standard  Daily  Ration 

Actual  Upper  First  Grade  Dietary  .  .  

Actual  Lower  First  Grade  Dietarj- 

Actual  Second  Grade  Dietarj' 

Playfair's  Standard  for  adults,  moderate  exercise  .   . 
Voit's  Standard  for  laboring  men  at  moderate  work 

Voit's  Standard  for  prisoners  in  idleness 

Voit's  Standard  for  prisoners  at  work 


Exact  figures  corresponding  to  these  lines  are  presented 
herewith : 
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Ret' t'y  Standard  Dietary  Daily  Ration*    .   . 

Actual  Upper  First  (irade  Raiion 

Actiial  lyOwer  First  Grade  Ration    .   . 
Actual  Second  Grade  Ration      

Playfair's  standard  for  adults,  moderate 
exercise 

Voit's  standard  for  laboring  men  at  mod- 
erate work  

Voit's  standard  for  prisoners  in  idleness  .   . 

Volt's  standard  for  prisoners  at  work    .   .   . 


Nutrients,  in  Grams. 


Protein. 


119 
167 
154 

154 


119 

118 

85 

105 


Potential 

Energy 

in 


tj„^„  Carbo-  ,,  ,     . 

P^ts  hydrates.        Calories 


61 

75 
69 

69 


51 
56 
40 


55fi 
t>io 

794 

776 


531 

500 
300 
500 


3,334 
4,696 

4-524 
4,452 


3.140 

3,050 
1.857 
2,852 


'All  food  supplies  are  issued  according  to  this  standard  dietary,  except  bread ;  which  is 
unlimited.  The  average  consumption  of  bread  per  man  is  somewhat  in  excess  of  one  and 
one-half  rations  per  meal,  thus  accounting  for  the  increase  in  value  of  the  actual  ration  over 
that  of  the  Standard  Dietary,  which  conforms  very  nearly  in  food-values  to  the  standards  of 
Voit  and  Playfair. 

An  excess  above  600  grams,  3,000  calories,  12,000 
B.T.U.,  may  probably  be  taken  as  representing  waste  in 
most  cases  ;  it  is  certainly  exceptional.  Deficiency  is  as 
probably  indicated  where  the  weight  is  less  than  two-thirds 
this  figure. 

The  quantity  of  energy  supplied,  where  the  method  and 
material  of  supply  are  suitable,  may  thus  range  between 
8,000  and  12,000  B.T.U.,  from  6,700,000  to  10,000,000 
foot-pounds  per  day. 

[7<7  be  continued^ 


The  law  of  INVENTION  * 


By  Horace  Pettit,  of  the  Philadelphia  Bar. 


LECTURE   n. 

It  will  be  interesting  to  note  the  interpretation  placed 
by  the  highest  Court  of  Appeals  upon  the  question  of  *'  pat- 
entable invention  "  in  some  of  the  recent  cases,  for  the 
purpose  of  gaining  an  insight  into  the  rules  observed  by 
the  Supreme  Court  of  the  United  States  in  the  determina- 

*  Two  lectures  delivered  before  the  Franklin  Institute,  November  10  and 
24,  1895. 
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— 
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0-4 

6-0 
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0-8 
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■05 

75-6 

3-78 
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•02 

6«-i 

■17 

2'0 

I              2*1 

•22 

57'4 

6'02 

3-6 

1         2-5 

.01 

67*0 

'»7 

2*0 

1         0-4 

•01 

79'4 

1-39 

0*4 

J         — 

~ 

63*0 

18-90 

1 

i5"07 

13722 

1 
1 

215 

19*60 

i 

61 

556 

I 

• 

1-86 
16-93 

54*39 

191*61 

2*42 

27-37 

I 

69 

776 

c 

r 

s        _ 

— 

967 

4"35 

0*8 

1693 

195 '96 

2-42 

27-99 

69 

794 

^ 

> 

1 

C< 

Si         _ 

96-7 

3-12 

o*8 

D 

C. 

Bi       85-0 

•96 

0-5 

*OI 

3'5 

CI         6-8 

■54 

8-9 

'7*- 
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1843 

199*80 
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28*56 

' 

75 
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potbntiai. 
Kner<;y. 
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2,608 

834 
205 

246 

13.417 
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192 
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29 

1,042 

24 

178 

2,197 


23i337 
3f334 


7,827 


31.164 
4,452 
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4.524 


363 


254 
583 


32.87' 
4,696 
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NEW  YORK  STATE  REFORMATORY  DIETARY. 


SDARD  Daily  Diii 


Table  of  Food  Values. 


Sunday. 


uatmealt  . 

Barley 


Tuesday.      Wednesday.    Thursday. 


s      b 
8       8 


Standard  Daily  Ration—Gran 


Bread  (actual  average  consumption  per  man  per  week  i 
Totals,  one  week 


of  Standard  Ration) 


Actual  Second  Grade  Daily  Ration— Grar) 


Additional  for 
1  per  and  Lowt 
First  Grades. 


5i 

a 

V, 

V, 

V, 

i 

V 

V, 

Va 

V> 

a 

v« 

a 

i    Hi 

v» 

V, 

•A 

V,\ 

v.   v. 

Vt 

K 

V, 

H 

Va 

5il    f<|    K 

Va 

H 

^' 

K 

5<     Va 

K 

Totals,  one  week 

Totals,  one  day     .   .     ^4  40 


Actual  Lower  First  Grade  Daily  Ration— Gr^ 


I 

.2  1   H 

W 

,2 

« 

M 

■X. 

w 

1^ 

•   a 

1 

v« 

H 

Vk 

X 

1 

K 

^' 

1 

1 

- 

1 

^ 

=    1 

^ 

i 

Totals,  one  week 4^8'49 

Totals,  one  day 66-()2 


Actual  Upper  First  Grade  Daily  Ration— Gr. 
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t  The  writer  has,  as  a  matter  of  experiment,  lived  for  long  petiods  of  time  on  about  twelve  ounces  per  day  of  oatmeal 
day.  and.  leading  sedentary  life,  found  this  allowance  ample.    This  is  also  the  lea.'it  costly  of  all  foods,  and  the  writer  has  know 
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nt  in  "cracked  wheat"  or  other  grain,  suppljlngbut  about  1,41)0  calories  per 
n  60  cents  a  week,  making  up  the  dietary  of  grain  foods,  mainly. 
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tion  of  this  question.  A  careful  examination  evinces  the 
fact  that  the  judges  are  g-overned  to  a  very  large  extent,  if 
not  entirely,  by  the  rules  which  governed  their  worthy  pre- 
decessors in  deciding  some  of  the  leading  cases  where  this 
question  was  involved.  The  tendency  of  the  courts  still  to 
be  governed  by  "  practical  results "  in  cases  somewhat 
doubtful  is  apparent  in  the  recent  decisions  ;  never  sub- 
stantiating the  patent,  otherwise  invalid,  on  account  of  the 
practical  achievements  and  the  commercial  success  of  the 
invention,  but  employing  the  fact  oi  practical  success,  in  cases 
otherwise  doubtful,  as  an  additional  reason  for  supporting 
the  validity  of  the  patent. 

One  of  the  most  interesting  decisions  of  the  Supreme 
Court  of  the  United  States  within  the  last  year  or  two,  is 
that  of  Washburne  &  Moen  Company  vs.  The  "  Beat-'em-all  " 
Barb  Wire  Company,  otherwise  known  as  the  Barb  Wire 
Patent  cases,  reported  in  143  U.  S.  Supreme  Court  Reports, 
p.  275.  etc.,  decided  February  29,  1892.  This  decision 
reversed  the  finding  of  the  court  below,  and  held  the 
Glidden  patent  Nos.  157,  124,  November  24,  1874,  for  an 
improvement  in  wire  fences,  to  be  valid. 

I  will  be  pardoned  if  I  refer  to  this  case  somewhat  in 
detail,  which  I  do,  believing  the  facts  connected  with  the 
attempted  anticipation  of  the  patent  to  be  instructive. 

The  claim  of  the  patent  is  as  follows  : 

*'  A  twisted  fence  wire  having  the  transverse  spur  wire  D 
bent  at  its  middle  portion  about  one  of  the  wire  strands  a, 
of  said  fence  wire,  and  clamped  in  position  and  place  by  the 
other  wire  strand  z,  twisted  upon  its  fellow,  substantially  as 
specified." 

The  appeal  was  from  the  decree  of  the  Circuit  Court  of 
the  United  States  for  the  Northern  District  of  Iowa,  which 
held  that  the  patent  was  invalid.  The  bill-  filed  relied  upon 
certain  decrees  obtained  in  the  courts  of  other  districts 
against  other  defendants,  and  which  were  claimed  to  have 
established  the  validity  of  the  patent.  The  main  defence 
was  that  the  invention  was  anticipated,  and  that  the  inven- 
tion, in  view  of  the  anticipations,  was  not  patentable. 

When  it  is  recollected  to  what  an  enormouns  extent  this 
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wire  fence  has  been  employed  in  the  last  few  years  through- 
out the  vast  plains  of  the  West,  as  well  as  to  a  very  large 
extent  throughout  the  East,  and  when  the  fact  is  appreciated 
that  the  boundless  plains  by  this  means  have  been  readily 
subdivided  into  large  pasture  fields  for  cattle,  the  fence 
operating  as  an  effectual  means  for  retaining  the  cattle  in 
defined  limits,  and  from  straying  perhaps  for  many  miles 
from  the  ranches  to  which  they  belong,  as  they  formerly 
did,  it  will  be  understood  why  the  case  was  so  hotly  con- 
tested. 

What  did  the  patent  cover  ?  Nothing  but  a  short  trans- 
verse wire,  coiled  at  its  central  portion  about  one  of  the  wire 
strands  of  a  twist  of  wires  with  its  free  ends  projecting  in 
opposite  directions,  the  other  wire  of  the  strand  serving  to 
bind  the  spur  wire  in  position  to  prevent  lateral  displace- 
ment. It  was  on  this  simple  little  contrivance  that  the  great 
minds  of  the  judges  of  the  Supreme  Court  of  the  United 
States  were  called  upon  to  pass.  The  defendants  did  not 
deny  that  they  made  a  fence  similar  to  that  of  the  patentee. 
It  was  admitted  that  they  did.  A  vast  amount  of  testimony, 
documentary  and  oral,  was  produced.  The  strongest  evidence 
in  the  case,  to  my  mind,  was  the  alleged  anticipating  patent 
granted  to  Michael  Kelly,  February  ii,  1863,  which  was  over 
five  years  in  advance  of  the  date  of  Glidden  application.  Kelly 
took  small,  flat  pieces  of  iron  or  steel,  each  provided  at  its 
centre  with  a  hole  the  size  of  the  wire,  so  that  they  could  be 
introduced  on  the  wire.  These  pieces  were  strung  on  the  wire 
at  distances  about  six  inches  apart,  and  were  compressed  lat- 
erally by  a  blow  of  the  hammer  so  as  to  flatten  the  hole  and 
lock,  as  it  were,  these  spurs  upon  the  wire.  He  described 
the  spur,  or  thorn,  as  being  provided  mainly  upon  a  single 
strand  of  wire,  though  he  said  in  his  specification,  and 
illustrated  the  construction  in  one  of  the  drawings :  "  I  can, 
where  it  is  desirable  to  increase  the  strength  of  the  wire,  lay 
another  wire  of  the  same  or  a  different  size  alongside  of  a 
thorn  wire,  and  can  twist  the  two  by  any  suitable  mechan- 
ism." He  did  not  say  that  the  twisting  of  these  two  wires 
was  for  the  purpose  of  holding  the  spur  in  position  and  pre- 
venting  lateral    displacement,    which   Glidden  said  in  his 
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patent  would  be  the  effeet  of  the  twisted  wires,  and  the  pur- 
pose for  which  he,  Glidden,  employed  the  additional  wire; 
but  Kelly  employed  it,  as  he  states,  "  to  increase  the 
strength  of  the  wire."  It  will  be  clearly  seen,  however,  that 
even  though  Kelly  did  not  say  so,  the  effect  of  the  wires 
thus  twisted  must  have  been  the  same,  and  must  have  aided 
in  holding  the  spur  in  position,  and  preventing  lateral  dis- 
placement. 

Mr.  Justice  Brown  said,  inter  alia,  in  deciding  the  case : 
*'The  vital  difference  in  the  two  patents  is  in  the  shape  of 
the  barb  itself.  In  one  case  (Kelly)  a  flat  bit  of  metal  is 
used  of  an  elongated  diamond  shape,  through  which  a  hole 
is  pierced,  by  means  of  which  it  is  strung  upon  the  wire  re- 
quiring something  more  than  the  aid  of  a  second  wire 
twisted  upon  the  first,  to  render  it  immovable.  In  the 
other,  the  barb  is  a  piece  of  wire  coiled  about  one  of  the 
fence  wires,  and  held  rigidly  in  place  by  the  twisting  of 
another  wire  about  the  first."  Substantially,  the  difference 
between  Kelly  and  Glidden  was  that  Kelly  made  his  spur 
out  of  a  piece  of  flat  metal  with  a  hole  in  the  centre,  placing 
it  between  two  strands  of  twisted  fence  wire  (in  the  altern- 
ative construction)  and  hammering  down  the  sides  to  more 
firmly  lock  it  in  position,  while  Glidden  made  his  spur  out 
of  a  short  piece  of  wire,  giving  it  one  or  two  twists  around 
one  of  the  strands  of  the  fence  wire  and  holding  it  in  posi- 
tion from  lateral  displacement  by  the  other  twisted  strand 
of  fence  wire. 

This  brings  us  down  to  what  the  Supreme  Court  of  the 
United  States  construed  to  be  invention  in  the  early  part  of 
last  year.  It  was  more  than  the  exercise  of  mechanical 
skill ;  it  was  more  than  calling  into  play  the  exercise  of  the 
constructive  faculties.  In  the  opinion  of  the  court,  it 
required  the  employment  of  the  iriventive  faculties. 

The  views  of  the  court  upon  the  question  of  the  patenta- 
bility of  the  Glidden  barb  wire  may  be  gathered  from  the 
following  short  extract  from  the  decision : 

Mr.  Justice  Brown,  upon  this  point,  said:  "  The  inven- 
tions of  Hunt  and  Smith  (other  references  less  pertinent 
than  Kelly)  appear  to  be  scarcely  more  than  tentative  and 
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never  to  have  gone  into  general  use.  The  sales  of  the  Kelly 
patent  never  seem  to  have  exceeded  3,000  tons  per  annum, 
while  plaintiff's  manufacture  and  sales  of  the  Glidden  device 
(substituting  a  sharp  barb  for  a  blunt  one),  rose  rapidly 
from  fifty  tons  in  1874  to  44,000  tons  in  1886,  while  those  of 
its  licenses  in  1887  reached  the  enormous  amount  of  173,000 
tons.  Indeed,  one  who  has  travelled  upon,  the  western 
plains  of  this  continent  cannot  fail  to  have  noticed  the  very 
large  amount  of  territory  enclosed  by  these  fences,  which 
otherwise,  owing  to  the  great  scarcity  of  wood,  would  have 
to  be  left  unprotected. 

"  Under  such  circumstances  courts  have  not  been  reluct- 
ant to  sustain  a  patent  to  the  man  who  has  taken  the  final 
step  which  has  turned  a  failure  into  a  success.  In  the  law  of 
patents  it  is  the  last  step  that  wins.  It  may  be  strange 
that,  considering  the  important  results  obtained  by  Kelly  in 
his  patent,  it  did  not  occur  to  him  to  substitute  a  coiled  wire 
in  place  of  the  diamond  shaped  prong,  but  evidently  it  did 
not ;  and  to  the  man  to  whom  it  did  ought  not  to  be  denied 
the  quality  of  inventor.  There  are  many  instances  in  the 
reported  decisions  of  this  court  where  a  monopoly  has  been 
sustained  in  favor  of  the  last  of  a  series  of  inventors,  all  of 
whom  are  groping  to  attain  a  certain  result,  which  only  the 
last  one  of  the  number  seemed  able  to  grasp." 

Mr.  Justice  Brown  here  cited  the  case  of  the  Webster 
Loom  Company  vs.  Higgins,  105  U.  S.  580,  where  an  im- 
provement in  looms  for  weaving  pile  fabrics,  consisting  of 
such  a  new  combination  of  known  devices  as  to  give  to 
a  loom  the  capacity  of  weaving  fifty  yards  of  carpet  a  day, 
when  before  it  could  only  weave  forty  yards,  was  held  to  be 
patentable. 

The  barb  wire  case  will  suffice  to  illustrate  what,  in  the 
opinion  of  the  Supreme  Court,  in  1892,  was  necessary  to 
constitute  patentable  invention. 

The  laymen  who  may  be  interested  in  knowing  the 
amount  of  research  which  is  involved  in  the  defence  of  a  well- 
tried  patent  suit,  would  do  well  to  read  the  testimony  pro- 
duced in  this  case,  as  a  fair  illustration.  The  history  of 
barbed  wire   fences   was,  in    these  cases,  for  the  first  time 
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completely  set  out.  No  such  care  is  exercised  in  the  com- 
pilation of  facts  in  the  preparation  of  the  most  authentic 
biographies  of  illustrious  men,  or  in  the  compilation  of 
detail  in  the  preparation  of  the  history  of  a  great  people. 
Not  that  I  mean  to  say  that  this  case — although  most  care 
fully  prepared  by  eminent  counsel — is  a  more  shining  ex- 
ample than  other  important  cases,  but  merely  cite  it  as  an 
instance ;  and  would  also  advise  those  seeking  for  such 
information  to  carefully  read  the  testimony  produced  on  the 
part  of  the  defence  in  the  attempt  to  invalidate  the  Bell 
telephone  patent. 

Since  the  jurisdiction  upon  appeal  in  patent  suits  has 
been  generally  taken  away  from  the  Supreme  Court  of  the 
United  vStates  and  conferred  upon  the  Circuit  Courts  of 
Appeals  of  the  various  districts,  it  will  be  noted  from  the 
general  line  of  decisions  of  the  latter,  that  they  have  fol- 
lowed fairly  closely  the  path  which  had  previously  been 
hewn  out  through  the  underbrush  of  difficulty  by  the 
Supreme  Court  of  the  United  States,  after  many  years  of 
arduous  labor. 

"AFTER   THE   FACT." 

The  case  of  Webster  Loom  Company  vs.  Higgins,  and 
the  barb  wire  case,  it  may  be  noted,  in  passing,  show  clearly 
that  in  these  two  important  cases  of  early  and  of  late  date 
respectively,  the  court  was  not  influenced  by  a  fault  which 
many  of  the  courts  in  deciding  the  question  of  patentability 
seem  to  have  fallen  into,  of  forming  an  opinion  regarding 
the  patentability  of  an  invention  "  after  the  event,"  or  rather 
"after  the  fact;"  after  the  way  is  opened  out,  showing  how 
to  overcome  the  obstacles  which  now  seem  very  clear 
indeed,  though  before  a  cloud  intervened,  which  required 
the  eye  of  the  inventive  faculty  to  penetrate.  When  the 
cloud  is  removed  it  is  hard  to  appreciate  that  it  ever  ex- 
isted, and,  consequently,  the  courts  are  often  led,  in  deter- 
mining an  apparently  "  border-line  "  case,  to  decide  that  the 
change  was  one  of  7nere  mechanical  skill,  and  not  one  of 
invention.  Although  the  invention  may  have  resided  in 
some  apparently  trifling  change,  it  has  bridged  the  gap  be- 
tween   failure    and    success.      It   has    opened  up    hitherto 
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unknown  resources ;  viewed  "  before  the  fact  or  event," 
there  was  no  way  of  accomplishing-  the  end  in  the  desired 
manner  except  through  the  assistance  of  the  inventive  fac- 
ulty. Viewed  after  the  fact  the  means  employed  for  bridg- 
ing the  gap  seemed  apparent  and  simple,  as  do  all  the  tricks 
of  the  prestidigitateur  when  explained,  yet  the  courts  after 
the  fact  frequently  fail  to  conceive  that  there  was  inven- 
tion in  the  device. 

The  case  of  Webster  Loom  Company  vs.  Higgins  is  here 
directly  in  point.  The  change  from  the  old  construction 
was  apparently  trifling  when  once  known,  but  it  required  an 
inventor  to  make  that  change.  In  this  case,  it  was  said, 
that  it  was  plain  from  the  evidence  and  from  the  fact  that 
it  was  not  sooner  adopted  and  used,  that  it  did  not  for  years 
occur  in  this  light  to  even  the  most  skilled  persons.  It  may 
have  been  under  their  very  eyes,  they  may  almost  be  said 
to  have  stumbled  over  it ;  but  they  certainly  failed  to  see 
it,  to  estimate  its  value  and  to  bring  it  into  notice.  Now 
that  it  has  succeeded,  it  may  seem  very  plain  to  any  one 
that  he  could  have  done  it  as  well.  This  is  often  the  case 
with  inventions  of  the  greatest  merit.  It  maybe  laid  down 
as  a  general  rule,  though  not,  perhaps,  as  an  invariable  one,, 
that  if  a  new  combination  and  arrangement  of  known  ele- 
ments produce  a  new  and  beneficial  result  never  attained 
before,  it  is  evidence  of  invention. 

In  Consolidated  Safety  Valve  Company  vs.  Crosby  Com- 
pany, 113  U.  S.  157,  it  was  said  that  Richardson's  invention 
brought  to  success  what  prior  inventors  had  essayed  and 
partly  accomplished.  He  used  some  things  which  had 
been  used  before,  but  he  added  just  that  which  was  neces- 
sary to  make  the  whole  a  practical,  valuable  and  economical 
apparatus.  He  added  to  his  valve  that  part  which  was 
necessary  to  make  the  valve  a  success,  and  which  very  part 
the  others  lacked. 

The  fact  that  a  device  has  gone  into  general  use,  and 
displaced  devices  for  like  purposes,  does  not  establish  the 
fact  that  the  later  device  involves  patentable  invention. 
It  may,  however,  always  be  considered,  and  when  the  other 
facts  in  the  case  leave  the  question  in  doubt,  it  is  sufficient 
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to   turn   the  scale.     (Smith  vs.  Goodyear  Company,  93  U.  S. 
486;    Magowan  vs.  New  York  Belting  Company^  141  U.  S. 

332.) 

The  question,  What  is  invention  ?  or  sufficiency  of  inven- 
tion to  support  a  patent?  is  one  upon  which  volumes  have 
been  written,  and  volumes  more  could  be  written,  but  it  is 
unnecessary  here  is  this  brief  paper  to  consider  the  question 
further.  Sufficient  has  been  said  to  point  out  the  difficul- 
ties of  formulating  any  fixed  rule  for  determining  invention^ 
but  from  the  rules  which  do  exist,  one  skilled  in  the  partic- 
ular branch  can,  with  a  fair  amount  of  accuracy,  determine 
the  question.  To  assume  the  dignity  of  a  patentable  inven- 
tion the  subject  must  be  capable  of  involving  the  exercise  of 
the  inventive  faculties,  as  contradistinguished  from  the  eotu 
siructive  faculties,  of  the  mind.  Ingenuity  must  be  apparent, 
but  it  matters  not  to  what  degree  ;  it  may  be  but  the  spark  of 
ingenuity.  It  matters  not  whether  the  invention  is  the 
result  of  long  and  laborious  research  and  study  or  whether 
it  was  conceived  by  a  single  flash  of  the  inventive  faculties. 

APPLICATION  FOR  LETTERS-PATENT. 

Having  sufficiently  considered,  for  the  purposes  of  this 
paper,  the  question  What  is  patentable  invention  ?  before 
attempting  to  discuss  the  different  classes  into  which  pat- 
ents are  properly  divided,  let  us  pause  for  one  moment  to 
consider  in  a  cursory  manner  the  nature  of  the  proceedings 
in  application  for  patents. 

The  application  comprises  a  petition  to  the  Commis- 
sioner of  Patents,  a  power  of  attorney  to  the  solicitor  or 
attorney  (where  a  solicitor  or  attorney  is  employed),  a  speci- 
fication and  claim(s),  and  an  affidavit  by  the  applicant  setting 
forth  that  he  believes  himself  to  be  the  inventor,  that  the 
invention  has  not  been  on  sale  or  in  public  use  in  the  United 
States  for  more  than  two  years  prior  to  the  date  of  his 
invention,  and  other  detail.  If  the  invention  has  been  pat- 
ented abroad  prior  to  the  date  of  application  here,  the  coun- 
tries and  the  dates  of  these  patents  must  be  stated  in  the 
oath.  If  the  invention  has  been  patented  in  foreign  coun- 
tries prior  to  the  date  of  the  issue  of  the  United  States  pat- 
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ent,  the  term  of  the  United  vStates  patent  will  be  limited  to 
the  term  of  the  foreign  patent  having  the  shortest  term  to 
run.  As  most  foreign  patents  bear  date  as  of  the  date  of 
filing,  great  care  must  be  exercised  where  the  inventor 
desires  to  take  out  foreign  patents,  that  the  foreign  applica- 
tions shall  not  be  filed  before  the  United  States  patent  issues; 
for,  should  the  United  States  patent  issue  before  the  foreign 
is  filed,  the  validity  of  the  foreign  patent  in  some  countries 
will  be  affected.  The  better  practice,  and  the  one  most 
generally  followed  in  taking  out  a  series  of  United  States 
and  foreign  patents,  is  to  issue  in  this  country  and  file 
abroad  on  the  same  date.  This  is  the  general  rule ;  of 
course,  the  laws  vary  somewhat  in  the  different  countries, 
and  the  applicant  must  be  governed  by  the  particular  coun- 
tries in  which  he  is  making  application  for  protection. 

The  applicant  should  not  expect  to  secure  a  patent  in 
this  country  within  five  months  from  the  date  of  filing ;  a 
patent  is  comparatively  rarely  issued  within  that  time.  In 
cases  where  exceptional  dispatch  of  business  is  exhibited, 
both  on  the  part  of  the  Patent  Office  and  on  the  part  of  the 
attorney,  the  time -occupied  might  be  something  less,  some- 
times three  months  will  see  a  patent  through. 

Sometimes  it  is  the  desire  of  the  patentee  to  delay  as 
long  as  possible  the  issue  of  the  patent,  for  purposes  of  his 
own,  and  various  methods  of  delay  are  resorted  to  for  this 
purpose.  I  have  personal  knowledge  of  a  patent  on  a 
feather  duster  which  was  not  issued  until  thirteen  years 
and  nine  months  after  the  date  of  filing.  The  application 
for  the  Berliner  patent,  belonging  to  the  American  Bell 
Telephone  Company,  was  filed  June  4,  1877,  and  was  not 
issued  until  November  17,  1891,  a  period  of  fourteen  years 
and  five  months  after  the  date  of  filing. 

The  term  of  a  United  States  patent  does  not  commence 
to  run  until  the  date  of  issue,  and  the  patentee  has  no  exclu- 
sive  right  in  and  to  his  invention  until  the  date  of  issue, 
from  which  time,  provided  that  his  patent  is  valid,  and  that 
the  invention  has  not  previously  been  patented  abroad,  he 
has  the  exclusive  right  to  the  invention  for  the  term  of 
seventeen  years. 
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The  specification  must  describe  the  invention  accurately 
and  specifically,  so  that  one  skilled  in  the  art  to  which  it 
pertains  can  make  and  use  the  same.  The  claims  are  most 
important  and  must  set  forth  specifically  the  essential  ele- 
ments or  features  which  the  applicant  considers  to  consti- 
tute his  invention  ;  no  more,  no  less. 

CAVEAT. 

If  an  inventor  has  conceived,  but  only  partially  completed 
his  invention,  and  is  apprehensive  that  before  he  shall  com- 
plete the  same,  another  may  file  an  application  for  let- 
ters-patent for  the  same  invention,  what  is  he  to  do  ?  The 
law  provides  him  a  remedy.  He  can  file  what  is  termed  a 
'*  caveat." 

A  great  many  inventors,  principally  the  inexperienced^ 
of  which  there  are  a  great  number — have  acquired  the  idea 
from  some  source  that  a  caveat  is  a  cheap  patent.  This  is 
not  the  fact.  A  caveat  is  for  one  purpose,  viz  :  notice.  1 1  gives 
no  right  to  the  caveator  to  prevent  others  from  making,  sel- 
ling, or  using  his  invention,  during  the  life  of  the  caveat,  or 
at  any  other  time,  until  he  has  secured  and  has  had  actually 
issued  to  him  letters-patent.  The  law  relative  to  caveats 
merely  says  to  the  inventor,  substantially :  If  you  desire 
further  time  to  mature  your  invention  you  can  file  a  caveat 
in  the  Patent  Office,  and  if  an  application  for  a  like  inven- 
tion is  made  during  the  life  of  the  caveat  you  w^ill  receive 
notice  of  the  same,  whereupon  you  must  file  your  application 
within  a  limited  period  specified. 

Section  4,902  of  the  Revised  Statutes  says,  substantially, 
that  any  citizen  (or  alien,  if  he  has  resided  one  year  in  the 
United  States  next  preceding  the  date  of  filing,  and  has 
declared  his  intentions  to  become  a  citizen  of  the  United 
States),  who  desires  further  time  to  mature  his  invention  or 
discovery  may,  on  payment  of  the  fees  file  a  caveat  setting 
forth  the  design  and  distinguishing  characteristics  of  his 
invention,  and  praying  protection  until  he  may  have  ma- 
tured his  invention,  which  caveat  will  be  filed  in  the  confi- 
dential archives  of  the  Patent  Office.  A  caveat  is  granted 
for  one  year  from  the  date  of  filing,  but  may  be  renewed 
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from  year  to  year,  at  the  will  of  the  caveator,  If  an  appli- 
cation is  filed  for  the  same  invention  during-  the  life  of  the 
caveat,  notice  is  given  to  the  caveator  and  he  must  file  his 
application  for  a  patent  in  three  months  from  the  time 
allowed  for  receipt  of  same  by  mail.  If  the  claims  are  for 
the  same  invention  an  interference  will  be  declared,  and  the 
case  will  be  heard  as  on  the  usual  interference  proceedings 
in  the  Patent  Office. 

Cases  have  arisen  where  it  has  been  shown  by  proof  that 
the  caveator  did  not  receive  the  notice  sent  him  by  mail,  and 
it  has  been  held  that  as  it  was  no  fault  of  the  caveator  that 
he  did  not  receive  the  notice  he  should  not  suffer,  but  that 
he  was  entitled  to  contest  in  the  Patent  Office  the  priority 
of  his  invention  over  the  claims  of  the  man  who  secured  the 
patent,  and  if  he  should  sustain  his  claims  to  priority  he 
would  be  entitled  to  a  patent.  (Frevert  vs.  Gahr,  1873,  3 
Official  Gazette,  660).  This  was  also  substantially  held  in 
Ware  vs.  Bullock  (1874,  7  Official  Gazette, '}y<^  Phelps  ^/.y.  Brown 
(1859,  4th.  Blatchf.  352). 

The  rule  in  reference  to  caveats  applies  only  to  notice  of 
applications  which  are  filed  while  the  caveat  is  alive.  Of 
those  filed  before  the  caveat  and  after  it  has  expired  by 
limitation,  the  caveator  is  not  entitled  to  notice. 

CLASSES  OF  PATENTS. 

Patents  are  granted  under  Section  4,886  of  the  Revised 
Statutes  for  four  classes  of  inventions  therein  noted,  viz  : 
an  art,  machine,  manufacture  and  composition  of  matter.  These 
may  be  resolved  for  the  purposes  of  more  condensed  classi- 
fication into  three  classes,  viz  :  process  patents,  machine  pat- 
ents and  product  patents.  An  art  in  the  patent  law  sense  of 
the  word  is  a  method  or  process;  machines  form  a  class 
by  themselves,  a  manufacture  and  composition  of  matter 
may  be  resolved  into  one  class,  and  termed  a  product. 

In  addition  to  these  classes  of  patents  the  law  also  pro- 
vides for  the  granting  of  design  patents,  which  will  be  here- 
inafter briefly  referred  to. 

Process. — The  word  *'  art"  employed  in  Section  4,886, 
as  interpreted  by  the  courts,  has  a  much  more  restricted 
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meaninof  than  the  word  as  defined  in  the  dictionaries. 
Again,  a  process  must  be  distinguished  from  a  principle.  A 
principle  is  not  patentable  ;  a  process  is. 

In  determining  what  is,  and  what  is  not,  a  patentable 
process,  necessarily  some  very  fine  points  and  distinctions 
become  involved.  The  mere  use  or  employment  of  a  parti- 
cular element  of  nature  to  do  or  operate  a  particular  thing 
would  not  in  itself  be  2l  process  within  the  contemplation  of 
the  Act.  In  order  to  render  it  patentable,  the  thing 
achieved  must  in  all  cases,  have  involved  the  exercise,  or  been 
capable  of  involving  the  exercise  of  the  inventive  facul- 
ties of  the  inventor  or  discoverer ;  the  adaptation  or  use 
of  an  electric  current  for  printing  intelligible  characters 
at  a  distance  conveys  the  distinction  very  fully  to  the 
mind,  in  a  negative  manner.  This  was  decided  by  the 
Supreme  Court  not  to  be  a  patentable  process.  The  great 
case  of  O'Reilly  vs.  Morse  (15  How.,  61),  and  the  celebrated 
decision  of  Chief  Justice  Taney  in  this  case  has  been  referred 
to  in  very  nearly  all  of  the  decisions  since  that  date  where 
the  question  of  process  was  involved. 

If  a  force  of  nature  known  or  unknown  is  applied  to  a 
material  physical  object  in  a  new  way  and  brings  about  new 
physical  results,  it  is  clear  that  in  order  to  accomplish  this 
the  faculties  of  the  discoverer,  known  as  the  inventive  facul- 
ties, must  have  been  brought  into  requisition.  The  force 
•of  nature  itself  has  with  the  material  or  physical  object 
operated  in  a  manner  in  which  the  two  elements  have  never 
before  been  known  to  have  operated.  It  is  not  always  neces- 
sary that  the  resulting  product  shall  be  a  new  product,  so 
long  as  the  operation  of  the  known  force  upon  the  physical 
or  material  object  is  new  in  the  manner  described  and 
employed.  (Foote  vs.  Silsby,  1849,  i  Blatchf.  445.)  The 
practical  application  of  a  known  force  to  a  new  object  is  a 
new  art  (Whitney  vs.  Mowry,  1867,  2  Bond.  45),  and  the 
practical  application  of  a  new,  or  heretofore  unapplied 
natural  force  is  a  patentable  process  ^  Roberts  vs.  Dickey, 
1 87 1, 1  Off.  Gaz.  4).  A  new  mode  of  using  old  apparatus  may 
■constitute  a  patentable  process.  (Lawther  vs.  Hamilton, 
1888,  42  Off.  Gaz.,  487.)     Mr.  Robinson  in  his  work  on  Pat- 
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ents,  Vol.  I,  Sec.  165,  says  :  **  An  art  may  be  either  a  force 
applied,  a  mode  of  application  or  the  specific  treatment  of  a 
specific  object."  An  art  may  be  fully  within  either  of  the 
three  great  fundamental  groups  of  means  according  to  the 
number  of  its  essential  factors  and  the  subject  of  the  pro- 
cess or  discovery. 

It  is  clear  that  the  effect  produced  must  be  a  physical 
effect. 

The  art  of  vulcanizing  India  rubber  by  subjecting  it  to  a 
high  degree  of  heat  when  mixed  with  sulphur  and  a  metal- 
lic salt  was  a  patentable  process.  Neilson's  method  of 
applying  the  hot  blast  to  furnaces  by  forcing  the  blast 
through  a  vessel  or  receptacle  situated  between  the  blowing 
apparatus  and  the  furnace,  and  heated  to  a  red  heat,  was  a 
patentable  process.  These  patents  were  sustained  after 
very  able  arguments  on  both  sides. 

In  the  case  of  Corning  vs.  Burden  (15  How.,  267),  the 
court  said :  *'A  process  eo  nomine  is  not  made  the  subject  of 
a  patent  in  our  Act  of  Congress  ;  it  is  included  under  the 
general  term,  '  useful  art.'  An  art  may  require  one  or  more 
processes  or  machines  in  order  to  produce  a  certain  result 
or  manufacture.  The  term  '  machine '  includes  every 
mechanical  device  or  combination  of  mechanical  powers 
and  devices  to  perform  some  function  and  produce  a  certain 
effect  or  result.  But  where  the  result  or  effect  is  produced 
by  chemical  action,  by  the  operation  or  application  of  some 
element  or  power  of  nature,  or  of  one  substance  to  another, 
such  modes,  methods  or  operations  are  called  'processes.' 
A  new  process  is  usually  the  result  of  a  discovery ;  a 
machine,  of  invention.  The  arts  of  tanning,  dyeing,  making 
waterproof  cloth,  vulcanizing  India  rubber,  smelting  ores 
and  numerous  others  are  usually  carried  on  by  process  as 
distinguished  from  machines."  Mr.  Walker,  in  his  work  on 
patents,  Section  6,  defines  the  patent  law  meaning  of  a  pro- 
ces  to  be,  ''  an  operation  performed  by  rule  to  produce  a 
result  by  means  not  solely  mechanical.  Robinson  on 
Patents,  Section  159,  defines  it  as  follows  :  ''An  art  or  opera- 
tion is  an  act  or  series  of  acts  performed  by  some  physical 
agent  upon  some   physical  object  and   producing  in  such 
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object  some  change  either  of  character  or  of  condition,  it  is 
also  called  a  '  process  '  or  a  '  mode  of  treatment.'  " 

Mr.  Justice  Bradley  in  deciding  the  celebrated  case  of 
Tilghman  vs.  Proctor  (102  U.  S.  707),  defined  a  process  as 
follows:  **  Whoever  discovers  that  a  certain  useful  result 
will  be  produced  in  any  art  by  the  use  of  certain  means  is 
entitled  to  a  patent  for  it,  provided  he  specified  the  means." 

In  O'Reilly  7'j.  Morse  (15  How.  1 19),  the  court  decided  the 
eighth  claim,  which  attempted  to  cover  the  use  of  the 
motive  power  of  an  electric  or  galvanic  current  for  marking 
or  printing  intelligible  characters  at  a  distance,  invalid  and 
not  constituting  a  patentable  process.  It  was  a  claim  for  a 
new  application  of  the  electric  current  for  that  particular 
purpose.  The  court  held  that  the  claim  was  too  broad  and 
not  warranted  by  law.  Chief  Justice  Taney,  in  delivering 
the  opinion,  said :  "  No  one,  we  suppose,  will  maintain  that 
Fulton  could  have  taken  out  a  patent  for  his  invention  for 
propelling  vessels  by  steam,  describing  the  process  and 
machinery  he  used,  and  claimed  under  it  the  exclusive  right 
to  use  the  motive  power  ot  steam,  however  developed  for 
the  purpose  of  propelling  vessels.  -^^  *  *  Neither  could 
the  man,  who  first  discovered  that  steam  might,  by  a  proper 
arrangement  of  machinery,  be  used  as  a  motive  power  to 
grind  corn  or  spin  cotton  claim  the  right  of  the  exclusive 
use  of  steam  as  a  motive  power  for  the  purpose  of  pro- 
ducing such  effects."  The  learned  discussion  of  the  ques- 
tion of  patentable  process  entered  into  by  Mr.  Justice 
Bradley  in  his  decision  of  Tilghman  vs.  Proctor,  above 
cited,  has  rendered  the  case  justly  celebrated. 

As  early  as  181 3  it  was  discovered  by  an  eminent 
French  chemist,  M.  Chevreul,  that  ordinary  fat,  tallow  and 
oil  were  chemical  compounds,  and  consisted  of  a  base 
which  has  since  become  known  as  glycerine,  and  of  different 
acids,  termed  generally  fat  acids,  but  specifically  stearic, 
margaric  and  oleic  acids.  These  acids  in  combination 
severally  with  the  base  glycerine,  form,  respectively  what 
are  termed  stearine,  margarine  and  oleine.  These  have  all 
come  to  be  valuable  products,  and  the  base  glycerine  when 
purified  is  a  desirable  article  for  many  uses. 
Vol.  CXXXIX  3 
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In  1853  Mr.  Richard  A.  Tilghman,  of  Philadelphia,  the 
complainant  in  the  case,  discovered  that  these  fat  acids 
could  be  separated  from  the  base,  glycerine,  without  injury 
to  the  glycerine,  by  the  single  and  simple  process  of  sub- 
jecting the  neutral  fat,  while  in  intimate  mixture  with  water, 
to  a  high  degree  of  heat  and  under  sufficient  pressure  to  pre- 
vent the  water  from  being  converted  into  steam,  without  the 
employment  of  any  alkali,  or  sulphuric  acid,  or  other 
saponifying  agent.  The  principal  conditions  were  a  con- 
stant and  intimate  commixture  of  the  fat  with  the  water,  a 
high  degree  of  heat,  and  a  pressure  sufficiently  powerful  to 
prevent  the  conversion  of  the  water  into  steam.  By  this 
operation  the  fat  acids  were  separated  from  their  base, 
glycerine,  and  each  element  took  up  the  requisite  equiva- 
lent of  water  necessary  for  its  separate  existence ;  the 
glycerine,  in  solution,  separated  itself  from  the  fat  acids  by 
settling  to  the  bottom  when  the  mixed  products  were 
allowed  to  stand  and  cool.  A  chemical  change  took  place 
in  consequence  of  the  presence  of  water  and  the  active 
influence  of  heat  and  pressure  upon  the  mixture.  The 
claim  of  the  patent  was  as  follows : 

"  The  manufacture  of  fat  acids  and  glycerine  from  fatty 
bodies  by  the  action  of  water  at  a  high  temperature  and 
pressure." 

The  patentee  described  in  his  specification  a  preferable 
construction  of  machinery  for  carrying  out  his  process, 
referring  also  to  the  fact  that  certain  other  constructions 
could  be  employed.  The  defendants  employed  a  different 
machine  in  carrying  out  the  process  from  that  described  in 
the  patent,  but  certainly  did  manufacture  fat  acids  and 
glycerine  from  fatty  bodies  by  the  action  of  water  at  a  high 
temperature  and  under  pressure.  They  did  employ  some 
lime,  but  not  enough  to  materially  affect  the  process,  and 
the  degree  of  temperature  employed  by  them  was  not  the 
degree  of  temperature  preferably  used  by  the  patentee. 
After  a  careful  review  of  the  facts  and  the  law  in  an  opinion 
by  the  late  Mr.  Justice  Bradley,  the  claim  was  decided  valid. 
In  deciding  the  case  he  said,  inter  alia,  "  Had  the  process 
been   known   and   used  before,   and  not   been  Tilghman  s 
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invention,  he  could  not  then  have  claimed  anything  more 
than  the  particular  apparatus  described  in  his  patent,  but 
being  the  inventor  of  the  process,  as  we  are  satisfied  was 
the  fact,  he  was  entitled  to  claim  it  in  the  manner  he  did." 
And  after  reviewing  the  leading  cases  upon  the  subject,  such 
as  Corning  vs.  Burden,  Neilson  vs,  Thompson  and  O'Reilly 
vs.  Morse,  he  further  said  : 

"  It  seems  to  us  that  this  clear  and  exact  summary  of  the 
law  affords  the  key  to  almost  every  case  that  can  arise. 
Whoever  discovers  that  a  certain  useful  result  will  be  pro- 
duced in  any  art  by  the  use  of  certain  means  is  entitled  to 
a  patent  for  it,  provided  he  specifies  the  'means.'  But 
everything  turns  on  the  force  and  meaning  of  the  word 
'means.'  It  is  very  certain  that  the  means  need  not  be  a 
machine,  or  an  apparatus ;  it  may  be,  as  the  Court  says,  a 
process.  A  machine  is  a  thing.  A  process  is  an  act,  or  a 
mode  of  acting." 

From  this  brief  review  of  the  subject  of  *'  process  pat- 
ents," we  may  conclude  by  saying  that  a  process  may  be 
said  to  be  a  directing  or  training  of  a  force  in  a  given  man- 
ner through  the  medium  of  physical  agents  applied  to 
material  objects  whereby  are  produced  material  effects. 

MacJiine  Patents. — The  question  "  What  is  a  machine  ?  "  is 
not  so  abstruse  as  the  question  involved  in  the  considera- 
tion of  "  What  is  a  process  ?  "  Every  one  knows  what  a 
machine  is.  In  the  common  acceptation  of  the  term,  it  is  a 
device  composed  of  one  or  more  parts  for  performing 
mechanically  certain  operations  ;  as  to  whether  the  machine 
is  new  or  not,  or  sufficiently  novel  to  render  it  patentable 
over  the  prior  art,  is  the  important  question  involved  in 
most  cases  in  which  machine  constructions  are  concerned. 
Patents  are  constantly  granted  for  improvements  upon  ma- 
chines in  their  minutest  details,  provided  the  improvement 
is  novel  and  useful  and  is  capable  of  the  exercise  of  the 
inventive  faculties.  The  word  machine,  in  the  patent  law 
sense,  is  broader  than  in  the  ordinary  acceptation  of  the 
term. 

Manufacture. — This  is  a  very  broad  term,  as  broad  almost 
as  its  derivation  implies,  not  including,  however,  machines 


36  Petiit :  [J.  F.  I., 

or  compositions  of  matter.  Under  this  class  patents  have 
been  granted  for  the  construction  of  houses,  and  other  con- 
structions of  buildings.  This  will  give  some  idea  as  to  the 
extent  to  which  the  term  has  been  carried  in  the  granting 
of  patents. 

Composition  of  Matter. — A  composition  of  matter  is  usually 
a  product  formed  by  the  chemical  action  of  its  ingredients, 
though  it  may  be  a  product  composed  of  various  parts  of 
matter  mechanically  united.  A  composition  to  be  patenta- 
ble must,  in  its  entirety,  produce  different  results  from  the 
aggregate,  independent  results  of  the  respective  ingredi- 
ents. The  ingredients  in  the  combination  must  lose  their 
individuality  and  produce  different  effects  in  the  combina- 
tion than  they  produce  separately  and  as  independent 
organisms.  This  class  opens  a  wide  field  for  litigation,  as 
well  as  controversy,  in  the  applications  for  patents.  A  com- 
position may  be  composed  of,  let  us  say,  five  ingredients. 
A  composition  may  subsequently  be  invented  or  discovered 
in  which  like  or  better  effects  can  be  produced  in  the  pro- 
duct by  leaving  out  one  of  the  material  ingredients  of  the 
other  product ;  and  thus  will  be  composed  of  four  ingredi- 
ents only.  Yet  this  composition  will  be  patentable,  not- 
withstanding the  existence  of  the  former  composition,  and 
will  not  infringe  the  former  composition  if  there  is  in  it 
no  equivalent  for  the  fifth  ingredient  of  the  first  composi- 
tion, and  if  the  eliminated  fifth  ingredient  performed  an 
essential  and  material  function  in  the  old  invention.  In 
this  view  of  the  case,  it  must  be  presumed  that  the  new 
composition  produces  a  somewhat  different  result.  From 
this  one  illustration  it  can  be  seen  how  large  a  field  for  liti- 
gation and  controversy  exists.  This  illustration  is  an 
extreme  case,  though  a  true  one. 

It  will  be  unnecessary  to  further  consider  the  subject  of 
"composition  of  matter"  here,  or  to  dwell  at  greater  length 
upon  the  consideration  of  the  four  classes  over  which  we 
have  briefly  passed. 

The  Hon.  Commissioner  of  Patents  Butterworth  in  Ex 
Parte  Blythe  (1884,  30  Official  Gazette,  1,321),  suggests  that 
there   exist  under  Section  4,886,  of  the   Revised  Statues, 
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eight  classes  of  patents,  instead  of  the  four  mentioned,  con- 
stituting- the  additional  four  by  adding  to  each  of  the  ori- 
ginal four  classes  the  word  ''  improved,''  v\z.\  a  new  art,  a  new 
machine,  a  new  manufacture,  a  new  composition  of  matter, 
an  improved  art,  an  improved  machine,  an  improved  manu- 
facture and  an  improved  composition  of  matter,  making 
eight  in  all.  This,  as  it  is  seen,  is  a  mere  duplication  of 
the  four  original  classes  with  the  word  "  improved  '* 
added. 

DESIGN    PATENTS. 

This  class  of  patents  is  almost  too  broad  a  subject  to 
touch  upon  in  the  remaining  time  allotted  to  me.  Suffice 
it,  however,  to  briefly  note  that  it  is  provided  for  in  a  sepa- 
rate section  of  the  Revised  Statutes  and  is  distinct  from 
the  classes  included  in  Section  4,886. 

Section  4,929  provides  as  follows  : 

"Any  person  who,  by  his  own  industry,  genius,  efforts, 
and  expense,  has  invented  and  produced  any  new  and 
original  design  for  a  manufacture,  bust,  statue,  alto-relievo 
or  bas-relief,  any  new  and  original  design  for  the  printing  of 
woollen,  silk,  cotton,  or  other  fabrics ;  any  new  and  original 
impression,  ornament,  pattern,  print,  or  picture  to  be 
printed,  painted,  cast,  or  otherwise  placed  on  or  worked  into 
any  article  of  manufacture  ;  or  any  new,  useful,  and  original 
shape  or  configuration  of  any  article  of  manufacture,  the 
same  not  having  been  known  or  used  by  others  before  his 
invention  or  production  thereof,  or  patented  or  described  in 
any  printed  publication,  may,  upon  payment  of  the  fee 
prescribed,  and  other  due  proceedings  had  the  same  as  in 
cases  of  inventions  or  discoveries,  obtain  a  patent  there- 
for." 

A  patent  for  a  design  differs  at  least  in  one  important 
respect  from  patents  of  the  other  classes  heretofore  noted 
and  provided  for  under  Section  4,886,  in  that  the  invention 
receives  its  protection,  not  on  account  of  its  functional  utility^ 
but  on  account  of  its  appearance  and  ornamental  effect.  In 
other  words  the  classes  provided  for  in  Section  4,886  are  of 
utilitarian  value,  while  that  provided  for  in  Section  4,929  is 
of  value  as  an  ornament  or  on  account  of  its  pleasing  effect. 
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For  some  strange  reason  the  word  useful  became  incorpor- 
ated in  Section  4,929,  it  says  :  **  Any  new,  useful  and  original 
shape  or  configuration  of  any  article  of  manufacture."  But 
by  judicial  alchemy  this  word  **  useful''  has  been  decided  to 
mean  not  useful  in  a  functional  sense  but  that  it  means 
ornamental  utility.  It  seems  to  me  clear  that  the  word  is 
there  by  mistake,  but  it  cannot  be  erased  by  the  courts,  so  it 
must  be  resolved  into  meaning  something  which  it  would 
not  commonly  be  accepted  to  mean.  This  Section  of  the 
Act  was  apparently  passed  to  cover  ornamental  objects 
which  could  not  receive  any  protection  under  Section  4,886, 
but  a  careful  examination  of  the  weekly  issue  of  patents 
shows  that  patents  are  frequently  granted  under  this  design 
Act  for  the  shape  or  configuration  of  manufactures  and 
parts  constructed  purely  for  functional  purposes.  Look- 
ing at  the  subject,  however,  in  the  light  that  the  inventor 
requires  all  the  protection  which  he  can  possibly  secure,  it 
is  probably  a  wise  divergence  from  the  spirit  and  intention 
of  the  Act,  though  within  the  letter  of  the  law.  The  ques- 
tion of  identity  in  design  patents  is  determined  by  a  very 
materially  different  method  of  criticism  and  investigation 
from  that  employed  when  the  identity  of  functional  patents 
is  involved.  In  the  latter  class  of  cases  experts  trained  for 
the  purpose  critically  analyze  the  essential  features  or  con- 
structive parts  and  compare  them  with  each  other,  noting 
carefully  their  operation  and  object.  In  the  former  class, 
viz.:  design  patents,  the  question  of  identity  is  determined 
by  the  effect  on  the  eye  of  an  ordinary  observer,  expert 
comparative  testimony  is  rejected.  The  question  is  :  Does 
the  alleged  new  design  strike  the  eye  of  an  average  observer 
as  being  the  same  as  the  design  with  which  it  is  compared ; 
does  the  alleged  infringing  design,  in  the  case  of  litigation 
strike  the  eye  of  the  ordinary  observer  as  the  same  thing  as 
the  design  patented  ? 

One  of  the  leading  cases,  if  not  the  leading  case,  bear- 
ing upon  design  patents  is  that  of  Gorham  Company  vs. 
White  (14  Wallace,  511)  which  contains  the  views  of  the 
Supreme  Court  of  the  United  States  upon  the  subject,  as 
set  forth  clearly  in  an  opinion  by  Mr.  Justice   Strong.     Mr. 
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Justice    Strong^,    in    delivering    the    opinion    of    the    court, 
said : 

*' The  Acts  of  Congress  authorizing  the  granting  of  pat- 
ents for  designs  were  plainly  intended  to  give  encourage- 
ment to  the  decorative  arts,  they  contemplate  not  so  much 
utility  as  appearance,  and  that,  not  an  abstract  impression 
or  picture,  but  to  an  aspect  given  those  objects  mentioned  in 
the  acts.  It  is  a  new  and  original  design  for  a  manufacture 
whether  of  metal  or  other  material ;  .  .  .  the  law  man- 
ifestly contemplates  that  giving  certain  new  and  original 
appearances  to  a  manufactured  article  may  enhance  its 
saleable  value,  may  enlarge  the  demand  for  it,  and  may  be 
a  meritorious  service  to  the  public.  .  .  .  It  is  the  appear- 
ance itself  which  attracts  attention  and  calls  out  favor  or  dis- 
like. It  is  the  appearance  itself,  therefore,  no  matter  by  what 
genius  caused,  that  constitutes  mainly,  if  not  entirely,  the  con- 
tribution to  the  public  which  the  law  deems  worthy  of  recom- 
pense. .  .  .  Plainly  it  must  be  sameness  of  appearance 
(to  produce  identity)  and  mere  difference  of  lines  in  the 
drawing  or  sketch,  a  greater  or  smaller  number  of  lines,  or 
slight  variances  in  configuration  if  sufficient  to  change  the 
effect  upon  the  eye,  will  not  destroy  substantial  identity." 

Mr.  Hector  T.  Fenton,  of  Philadelphia,  in  his  work  on 
Designs,  states  (Sec.  15):  ''The  law  of  combination  is  equally 
applicable  to  designs.  As  in  mechanical  devices,  a  mere 
aggregation  of  designs  like  a  mere  aggregation  of  mechan- 
isms do  not  constitute  patentable  combinations  arising  to 
the  dignity  of  invention.  .  .  .  (Sec.  20)  Unity  of  design 
constitutes  another  very  important  question  in  design  cases, 
and  it  may  be  laid  down  as  a  general  rule  that  where  there 
is  no  necessary  connection  between  two  designs  or  parts  of 
a  design,  there  is  an  absence  of  unity  to  render  them  a  sin- 
gle patentable  design." 

Patents  for  designs  also  differ  from  functional  patents  in 
the  length  of  the  terms  for  which  they  may  be  granted. 
Design  patents  may  be  granted  for  the  term  of  three  years 
and  six  months,  or  for  seven  years,  or  for  fourteen  years,  as 
the  applicant  may  elect,  but  he  is  bound  in  his  application  to 
elect  the  term  for  which  he  desires  protection ;   when  the 
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patent  is  once  ts.mied  the  term  cannot  be  extended,  except  by 
special  Act  of  Congress.  All  the  regulations  and  provisions 
which  apply  to  obtaining  or  protecting  patents  for  inven- 
tions, or  discoveries,  not  inconsistent  with  the  expressed 
provisions  for  designs  apply  to  patents  for  designs. 

A  design  is  a  delineation  of  form  or  figure,  either  plain 
or  solid,  a  shape  or  configuration.  The  construction  of  an 
article  in  accordance  with  that  delineation  is  the  materiali- 
zation of  the  conception  of  the  design.  Under  the  decisions 
in  design  cases,  it  has  been  held  that  the  Act  requires  that 
the  shape  produced  shall  be  the  result  of  industry,  effort, 
genius  and  expense  ;  and  also  requires  that  the  shape,  form 
or  configuration,  sought  to  be  secured,  shall  also  be  new  and 
original,  as  applied  to  an  article  of  manufacture. 

REISSUE. 

It  often  occurs  that  a  patent  through  inadvertence,  acci- 
dent or  mistake,  is  defective,  and  that  the  inventor's  rights 
thereunder  are  seriously  abridged  or  threatened.  Prior  to 
1832,  no  statute  existed  to  correct  this  defect,  but  notwith- 
standing this  fact,  the  Supreme  Court  of  the  United  States, 
in  an  opinion  by  Chief  Justice  Marshall,  decided  that  the 
Secretary  of  State  had  a  right,  where  the  mistake  had  been 
innocently  made,  to  correct  the  error  and  reissue  the  patent. 
The  case  in  question  was  that  of  Grant  vs.  Raymond  (6 
Peters,  218,  1832). 

James  Grant,  in  1821,  had  received  letters-patents  of 
United  States  for  an  improved  method  of  manufacturing 
hat  bodies.  He  subsequently  discovered  that  his  specifica- 
tion was  defective,  and  there  being  no  law  provided  for 
reissue,  he  fi>ed  a  petition  with  Hon.  Henry  Clay,  then 
Secretary  of  State,  praying  that  his  patent  be  cancelled  and 
a  new  one  issued  to  him.  On  the  advice  of  the  Attorney- 
General  the  reissue  was  granted  and  tt^e  original  patent 
cancelled. 

Grant  subsequently  brought  suit  against  an  infringer  to 
recover  damages  in  the  Circuit  Court  for  the  Southern  Dis- 
trict of  New  York,  and  obtained  a  verdict  of  $3,266.66.  The 
defendant   took   an  appeal   to  the   Supreme   Court  of   the 
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United  States,  and  there  Mr.  Daniel  Webster,  who  had  been 
retained  by  the  defendant,  argued  with  aU  his  ability  that 
the  Secretary  of  State  had  no  right  or  power  whatsoever  to 
cancel  the  original  patent  and  to  issue  a  new  one  ;  he  con- 
tended that  our  whole  system  of  patents  rested  upon  the 
statutes,  and  that  no  right  or  prerogative  power  existed  in 
the  President  to  issue  a  patent.  That  eminent  jurist,  Chief 
Justice  Marshall,  however  decided  that  although  the  right 
of  the  Secretary  of  State  to  reissue  was  not  altogether  free 
from  doubt,  yet,  if  by  an  innocent  mistake,  the  instrument 
introduced  to  secure  this  privilege  fails  in  its  object,  the 
public  ought  not  to  avail  itself  of  this  mistake  and  to 
appropriate  the  discovery  without  paying  the  stipulated 
consideration.  The  attempt  would  be  disreputable  in  an 
individual,  and  a  court  of  equity  might  interpose  to  restrain 
him. 

The  first  reissue  act  was  passed  in  1832,  and  between  it 
and  the  date  of  the  present  Act  providing  for  the  reissue  of 
a  patent,  several  Acts  have  been  passed,  only  slightly  dis- 
similar in  language  from  the  present  Act.  Section  4916  of 
the  Revised  Statues,  reads  as  follows : 

"  Whenever  any  patent  is  inoperative  or  invalid,  by 
reason  of  a  defective  or  insufficient  specification,  or  by 
reason  of  the  patentee  claiming  as  his  own  invention  or 
discovery  more  than  he  had  a  right  to  claim  as  new,  if  the 
error  has  arisen  by  inadvertence,  accident  or  mistake,  and 
without  any  fraudulent  or  deceptive  intention,  the  Commis- 
sioner shall,  on  the  surrender  of  such  patent  and  the  pay- 
ment of  the  duty  required  by  law,  cause  a  new  patent  for 
the  same  invention,  and  in  accordance  with  the  corrected 
specification,  to  be  issued." 

No  new  matter  can  be  introduced  into  the  specification  ; 
where  no  model  or  drawing  has  been  filed,  amendments 
may  be  made  upon  satisfactory  proof  to  the  Commissioner 
that  such  new  matter  was  a  part  of  the  original  invention  and 
was  omitted  by  inadvertence,  accident  or  mistake.  In  case 
of  suit  the  new  patent  shall  have  the  same  effect  and  opera- 
tion as  if  it  had  been  originally  filed  in  its  corrected  form. 

Sometimes  the  defect  consists  in  the  fact  that  the  appli- 
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cant  claims  too  much,  and  desires  to  incorporate  a  more 
limited  claim— sometimes  he  has  not  claimed  as  much  as 
the  description  in  his  specification  would  warrant— some- 
times the  invention  is  defectively  described. 

Unreasonable  delay  in  applying  for  the  reissue  will 
operate  as  a  bar  against  the  patentee.  What  is  a  reason- 
able delay  ?  was  thoroughly  discussed  and  decided  in  the 
now  celebrated  case  of  Miller  ^j-.  The  Brass  Company  (104 
U.  S.,  352,  1881). 

The  doctrine  here  laid  down  is  substantially  that  the 
right  to  obtain  a  broadened  reissue  is  lost  after  the  lapse  of 
a  long  period  of  time  between  the  date  of  the  original 
patent  and  the  date  of  filing  the  application  for  reissue,  the 
length  of  time  which  will  operate  as  a  bar  is  not  set  down 
as  an  invariable  rule.  This  same  question  was  involved  in 
numerous  cases  such  as  Johnson  2^.f. Railroad  Company  (105 
U.  S.  539,  1881)  Combined  Patents  Con.  Co.  vs.  Lloyd,  (11 
Fed.  Rep.  149,  1882)  Sheriff  vs.  Fulton  (11  Fed.  Rep.  137. 
1882).  The  subject  of  "Reissue"  in  all  its  branches  and 
ramifications  is  a  broad  one,  and  is  another  division  which 
cannot  herein  be  more  than  cursorily  treated. 

DISCLAIMER. 

Where  a  patentee  has  claimed  more  than  that  of  which 
he  was  the  original  inventor  or  discoverer,  if  the  part  is 
material  or  substantial,  and  the  thing  occurred  through  in- 
advertence, accident  or  mistake,  and  without  any  fraudulent 
or  deceptive  intention,  he  may  file  a  disclaimer  of  such 
parts  of  the  thing  patented  as  he  shall  not  choose  to  hold, 
and  his  patent  shall  be  valid  for  all  that  part  which  is  justly 
his  own  (Sec.  4917,  of  the  Revised  Statutes). 

ASSIGNMENT. 

If  no  provision  were  made  whereby  a  patentee  could  sell 
his  patent,  or  grant  licenses  thereunder,  his  patent  would 
be  of  but  little  value  to  him,  if  he  did  not  desire  to  enter 
into  the  manufacturing  business  himself.  Provision  is 
made  to  protect  both  the  assignor  and  assignee  of  a  patent, 
though  the  law  in  this  regard  is  not  what  it  should  be. 
Sec.  4898  provides  that  every  patent  or  any  interest  therein 
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shall  be  assignable  in  law  by  an  instrument  in  writing,  and 
a  grant  may  be  made  to  the  whole  or  any  specified  part  of 
the  United  States,  but  the  time  allotted  for  the  recording  of 
the  instrument  is  too  long — it  allows  three  months  for 
record.  One  month  would  be  ample.  Great  hardship  and 
loss  are  liable  to  occur  to  the  assignee  under  the  existing 
laws ;  as  an  illustration. 

A  executes  an  assignment  to  B  for  which,  at  the  date  of 
delivery  of  the  deed.  B  pays  A  $5,000.  B  has  previously 
made  a  title  search  and  has  found  no  assignment  of  record ; 
within  three  months  from  the  date  of  the  deed  to  B,  C 
records  an  assignment  from  A  for  the  same  patent  but  exe- 
cuted and  delivered  prior  to  the  date  of  the  deed  to  B.  A 
is  financially  irresponsible,  and  B  is  out  of  pocket  $5,000. 
C  has  the  title  to  the  patent.  Of  course  by  withholding  the 
cash  consideration  and  the  holding  of  the  deed  in  escrow, 
etc.,  B  may  make  himself  safe,  but  settlement  and  its  in- 
cidents are  postponed,  as  well  as  vexatious  delay  and  per- 
haps loss  occasioned.  Ample  time  for  a  deed  of  assignment 
to  arrive  from,  say,  abroad,  ought  to  be  allowed;  one 
month  would  cover  all  possible  requirements  for  sufficient 
time. 

The  law  does  not  provide  for  the  record  of  licenses,  and 
consequently,  record  is  held  not  to  be  constructive  notice. 
This  certainly  should  be  provided  for,  Practically  the  only 
remedy  which  a  licensee  has  for  money  paid  for  an  alleged 
exclusive  license  in  territory  previously  allotted  is  against 
the  licensor — perhaps  irresponsible — when,  too  late,  he  finds 
that  the  licensor  had  previously  granted  the  same  territorial 
rights  to  another — and  perhaps  after  the  second  licensee  has 
erected  a  large  plant,  and  spent  considerable  sums  of  money 
for  machiner}\ 

Whenever  the  sole  owner  of  a  patent  grants  to  another 
an  undivided  interest  in  his  letters-patent  the  parties  hold 
as  tenants  in  common.  Neither  is  obliged  to  account  to  the 
other  for  profits  or  royalties  received — unless  a  special  con- 
tract exists  for  the  purpose — which  makes  its  own  law. 
This  is  frequently  provided  for  in  the  assignment  or  by 
special  contract. 
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Each  may  sell  his  rights,  or  assign  his  interests,  without 
the  consent  of  the  other  parties  in  interest.  Many  very 
nice  questions  of  law  have  arisen  upon  the  question  of 
assignment,  license  and  grant,  and,  in  numerous  recent 
cases,  fine  hair-splitting  distinctions  have  been  elaborately 
discussed  in  the  decisions,  especially  in  cases  where  instru- 
ments purporting  to  be  assignments  were  contended  not  to 
be  such,  but  mere  licenses  for  lack  of  proper  phraseology, 
and,  in  numerous  cases,  have  been  so  held. 

Time  forbids  further  discussion  of  the  subject,  and  deeper 
invasions  upon  your  indulgence  in  the  consideration  of  the 
*'  Law  of  Invention."  If  these  brief  papers  should  be  the 
means  of  giving  the  layman  some  insight  into  this  particu- 
lar branch  of  jurisprudence  the  object  of  their  author  has 
been  accomplished. 


ENGINEERING  PRACTICE  and  EDUCATION. 


By  Gaetano  Lanza,  S.  B.,  C.  &  M.  E., 

Professor  of  Theoretical  and  Applied  Mechanics,  Massachusetts  Institute  of 

Technology. 


\_Contimted  from  vol.  cxxxviii,  p.  4/8.1 


The  foregoing  shows  that  the  engineer  who  has  to  per- 
form responsible  work  must  not  trust  to  guesswork,  but 
must  know  the  principles  by  means  of  which  to  determine 
the  stresses  in  all  parts  of  the  machine  or  structure,  and 
make  his  calculations  in  accordance  with  these  principles. 
He  should  know  the  character  of  the  experiments  from 
which  are  deduced  the  constants  he  proposes  to  use,  and  he 
should  also  know  enough  about  the  tests  to  have  an  opinion 
as  to  whether  they  were  made  under  such  conditions  as  to 
render  them  applicable  to  the  work  he  has  in  hand. 

Besides  this,  he  must  see,  by  careful  inspection  and  tests, 
that  the  materials  used  are  up  to  standard  in  quality.  He 
must   draw  up   such  specifications  as  will  secure  suitable 
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material,    and   then   he  must   apply  the  necessary  tests  to 
determine  whether  it  fulfils  the  specifications. 

In  order  to  do  this  properly  he  must,  of  course,  know 
what  tests  structural  material  of  suitable  quality  can  be 
reasonably  expected  to  fulfil,  and  what  kinds  of  tests  are 
necessary  in  order  to  be  able  to  determine  whether  the 
material  possesses  the  good  qualities  desired,  and  whether 
it  is  free  from  defects. 

In  order  to  know  what  conditions  to  insist  upon  as  to 
tensile  strength,  ductility,  capability  of  bending,  etc.,  he 
must  become  familiar  with  the  behavior  of  the  materials 
under  stress  and  strain,  and  hence  he  needs  to  make  a  care- 
ful study  of  the  experiments  that  have  been  performed  espe- 
cially those  made  under  such  conditions  as  occur  in  practice. 

In  addition  to  this  he  must  know  what  constitute^  good 
workmanship,  and  he  must  take  the  precautions  necessary 
to  secure  it.  Unless  these  details  are  faithfully  attended  to, 
the  result  will  not  be  what  it  should,  even  though  his  cal- 
culation of  the  stresses  may  have  been  all  right,  and  his 
constants  correct  for  good  materials  and  workmanship. 

In  view  of  what  I  have  said,  one  might  be  inclined  to 
ask  why  disasters  are  not  of  more  frequent  occurrence,  and 
why  our  structures  and  machines  generally  are  as  safe  as 
they  are. 

First  of  all,  we  may  observe  that,  once  in  a  while,  some 
disaster  happens  which  cannot  be  prevented  from  attract- 
ing public  attention ;  such  as  the  breakage  of  the  Bussey 
bridge,  or  the  bursting  of  the  Amoskeag  fiy-wheel ;  but, 
frequently  when  breakages  happen  it  is  not  considered  by 
the  management  to  be  conducive  to  their  best  interests  to 
publish  an  account  of  them. 

Then  there  are  cases  where  prospective  failure  makes 
itself  evident  beforehand  ;  in  other  words,  the  piece  gives 
warning  of  structural  weakness,  and,  before  an  accident 
happens,  it  is  either  replaced  by  a  stronger  one  or  else 
it  is  reinforced  in  some  way.  Naturally,  such  cases  as  these 
are  not  published  and  are  known  to  but  a  few;  for  the  man- 
agement would  not  consider  it  to  be  to  the  advantage  of 
their  firm  to  have  the  report  spread  among  their  employes 
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or  the  outside  public  that  the  structural  weakness  existed. 
Cases  of  this  kind  have  come  to  my  notice. 

Again,  there  are  other  cases  where  the  structure  or 
machine  is  not  on  the  verge  of  collapse,  but  where  the  mar- 
gin of  safety  is  less  than  good  engineering  requires,  and 
where  the  structural  weakness  shows  itself  in  a  lack  of  stiff- 
ness, and  consequently  in  poor  work,  in  the  case  of  a 
machine ;  or  in  vibration  or  yielding  in  the  case  of  a  struc- 
ture, as  a  building,  or  a  bridge. 

We  must  remember  that  the  strength  of  a  structure  is 
the  strength  of  its  weakest  part,  and  that  adding  to  the 
strength  of  other  parts  is  only  a  waste  of  material ;  also 
that  adding  material  where  it  does  not  increase  the  strength 
is  also  a  waste  of  material ;  so  that  a  design  which  does  not 
propeuly  consider  the  necessary  strength  and  stiffness  of  all 
the  parts  is  not  merely  unsafe  but  is  also  uneconomical,  and 
results  in  a  waste  of  money. 

Enough  has  been  said  to  show  the  importance  to  the 
engineer  of  a  thorough  knowledge  of  the  strength  of 
materials  whenever  it  comes  into  play  in  the  design  and 
construction  of  either  structures  or  machines,  and  it  only 
remains  to  show  that  these  are  matters  that  the  engineer 
has  to  consider  and  act  upon  at  every  turn,  whether  he  is 
what  is  commonly  called  a  civil  engineer,  a  mechanical 
engineer,  a  mining  engineer,  a  metallurgical  engineer  or  a 
chemical  engineer.  To  be  convinced  of  this,  we  need  only 
consider  the  character  of  some  of  the  duties  that  devolve 
upon  the  engineer,  in  the  different  kinds  of  works  which 
were  described  in  the  first  three  lectures. 

Referring  next  to  some  other  matters  in  connection 
with  applied  mechanics,  I  must  emphasize  the  importance 
of  taking  the  greatest  care  that  when  the  young  man  is 
studying  the  action  of  the  stresses  in  a  beam  bearing  a 
transverse  load,  he  should  understand  what  are  the  assump- 
tions, upon  which  the  theory  is  based,  and  also  all  parts 
of  the  theory.  Otherwise,  he  is  liable  to  be  led  into 
all  sorts  of  erroneous  conclusions.  As  an  illustration, 
I  may  say  that  in  my  laboratory  of  applied  mechanics, 
where,  of  course,  the  students  are  required   to  perform  a 
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variety  of  tests  of  the  strength  and  stiffness  of  iron,  steel, 
wood,  eement,  etc.,  we  are  constantly  testing  the  strength 
of  full-size  timber  beams.  Every  once  in  a  while  one  will 
break  by  shearing  along  the  neutral  axis  or  center  of  the 
depth,  instead  of  teeing  at  the  bottom  or  crushing  at  the 
top.  I  remember,  on  a  certain  occasion,  when  I  called 
attention  to  this  fact,  that  a  gentleman  proceeded  to  argue 
from  it  that  there  was  a  shearing  force  acting  in  the  case  of 
a  beam  which  the  common  theory  of  beams  did  not  take 
into  account.  Evidently  to  him  the  common  theory  of 
beams  was  only  the  set  of  formulae  most  commonly  recorded 
in  the  books,  for  he  apparently  was  not  aware  that  it  does 
include  a  consideration  of  the  shearing  stresses. 

Another  illustration  might  be  taken  in  the  fact  that  the 
ordinary  formulae  for  the  deflections  of  beams  are  deduced 
from  an  approximate  equation,  where  one  term  has  been 
neglected,  which  is  small  in  all  ordinary  cases  of  beams  in 
structures.  By  using  this  approximate  equation  in  a  case 
where  the  neglected  term  was  very  large,  some  one  made 
out  an  imagined  mathematical  demonstration  that  an  unbal- 
anced rotating  body  going  at  a  high  speed  pounds  towards 
the  light  instead  of  the  heavy  side,  a  result  manifestly 
absurd. 

Again,  if  the  student  clearly  understands  all  the  assump- 
tions made  in  deducing  the  formulae,  he  will  understand 
that  the  Gordon  formula  for  columns  is  not  demonstrated, 
depending  as  it  does  on  assumptions  that  cannot  be 
proved ;  and  he  will  be  in  a  more  judicial  frame  of  mind  in 
trying  to  determine  how  to  make  use  of  the  experi- 
mental knowledge  on  the  subject  that  we  possess  up  to 
date.  Next,  in  regard  to  the  theory  of  elasticity  ;  this  is 
necessary  in  considering  certain  cases  of  complicated 
stresses,  and  while  we  use  it  now  to  some  extent,  as  in 
determining  the  strength  of  flat  plates  and  of  shafting,  it 
will,  I  do  not  doubt,  come  more  into  use  when  we  get  more 
light  experimentally  on  some  matters  connected  with  it.  I 
need  say  nothing  upon  the  importance  of  having  a  knowl- 
edge of  the  principles  of  friction  and  lubrication,  and  of 
the    experimental    knowledge  on   the  subject   up  to  date, 
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beyond  calling  to  your  notice  that  the  change  from  a 
poor  to  a  good  lubricant  may  often  make  a  decided  differ- 
ence in  the  size  of  the  dividends  received  by  the  stock- 
holders of  a  large  concern. 

The  next  course  to  receive  our  attention  is  that  of  Ther- 
modynamics and  Steam  Engineering.  It  might  be  assumed 
by  some  that  this  was  peculiarly  the  province  of  the  so- 
called  mechanical  engineer;  but  if  you  will  consider  again 
the  account  of  the  different  works  of  which  the  first  three 
lectures  treated,  you  will  realize  that,  in  every  work  of  any 
magnitude,  power  is  needed,  and  in  almost  all  cases  the 
power  used  is  steam.  The  exceptions  are  those  cases  where 
the  works  are  favorably  situated  for  the  use  of  water-power, 
and  even  then  steam  is  almost  always  used  in  addition  ;  and 
perhaps  I  ought  to  make  another  exception  in  the  case  of 
sailing  vessels,  where  the  wind  is  used.  Other  sources  of 
power,  or  water  or  wind  in  cases  other  than  those  mentioned, 
are  only  employed  for  small  amounts  of  power. 

Without  power  all  the  works  would  have  to  shut  down ; 
the  bridge  works  could  not  build  bridges,  the  machine  shop 
or  manufactory  or  mill  would  have  to  stop,  the  mine  could 
not  be  operated,  the  rolling  mill  could  not  run,  the  dyna- 
mos and  electric  motors  would  be  idle,  the  paper  mill,  the 
■'sugar  refinery,  etc.,  would  have  to  discontinue  operations. 
Moreover,  the  expenses  for  power  in  any  large  concern  form 
a  very  large  item  ;  they  include  the  first  cost  of  machinery, 
of  necessary  buildings,  of  coal  bunkers,  etc.,  the  expenses 
of  maintenance,  including  coal,  water  and  attendance,  and 
the  expenses  for  repairs.  It  behooves  the  engineer,  there- 
fore, to  try  to  realize  the  greatest  possible  economy.  One 
of  the  largest  items  of  expense,  after  the  plant  is  once  in 
operation,  is  coal,  and  any  method  by  which  he  can  save 
coal  will  increase  the  profits  of  the  concern. 

In  order  to  accomplish  this,  the  engineer  must  under- 
stand the  principles  of  steam  engineering,  and  the  larger 
the  works  with  which  he  is  connected,  and  hence,  the  greater 
the  quantity  of  money  involved,  the  more  important  is  it 
that  he  should  have  all  the  light  possible,  both  from  theory 
and  from  experiment,  that  will  aid  him  in  determining  how 
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his  engines  should  be  designed  and  built,  how  his  boilers 
should  be  designed  and  built,  what  degree  of  efficiency  he 
has  reason  to  expect  with  any  given  arrangement  which  he 
may  propose  to  adopt.  Hence,  it  is  plain  that  our  pros- 
pective engineer  needs  a  thorough  course  in  steam  engi- 
neering, of  which  thermodynamics  is  merely  the  theoretical 
part ;  and  he  needs  this,  whatever  be  the  kind  of  engineer- 
ing works  he  may  expect  to  be  connected  with,  if  they  are 
to  be  of  considerable  magnitude.  In  deciding  upon  the 
question  as  to  how  such  a  course  should  be  laid  out,  we 
shall  assume  that  he  is  already  familiar  with  valve  gears,  and 
with  the  rest  of  the  mechanism  of  the  steam  engine;  also 
assume  that  he  has  had  a  course  on  heat  in  his  physics, 
and  that,  in  this  course,  he  has  been  taught  the  subjects  of 
thermometry,  calorimetry,  and  the  laws  of  the  transference 
of  heat. 

He  should  be  taught  the  nature  and  construction  of  the 
steam  engine  indicator ;  how  it  is  to  be  used;  how  the  indi- 
cator card  is  taken,  and  what  it  means,  and  he  should 
acquire  some  familiarity  with  interpreting  the  character- 
istic and  also  some  of  the  peculiar  features  of  indicator 
cards ;  and  then  he  should  be  made  familiar  with  the  gen- 
eral characteristics,  i.  e.,  outward  characteristics,  of  the 
different  types  of  steam  engines. 

Next,  he  should  receive  a  thorough  drill  in  the  principles 
of  thermodynamics.  What  is  thermodynamics,  and  what 
kind  of  a  course  should  our  prospective  engineer  have  in 
the  subject?  Thermo-dynamics  is  simply  the  mechanical 
theory  of  heat,  or,  in  other  words,  the  science  of  heat  with 
special  reference  to  producing  motion  and  power. 

The  subject  was  originally  developed  from  the  stand- 
point of  the  mathematical  physicist,  and  we  have  a  num- 
ber of  treatises  written  from  this  point  of  view,  such 
as  that  of  Clausius  and  others.  Besides  the  fundamental 
principles  of  the  science,  they  take  up  elaborate  discussions 
of  the  nature  of  heat,  and  also  a  large  mass  of  applications 
and  developments  in  the  direction,  and  from  the  point  of 
view,  of  pure  science,  rather  than  in  the  direction  of  what 
we  need  to  use  in  the  consideration  and  the  study  of  the 
Vol.  CXXXTX.  a 
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action  of  the  steam  engine,  or  of  other  heat  engines,  as  the 
gas  engine,  the  hot  air  engine,  etc. 

Instead  of  this,  in  the  course  to  be  given  to  our  pros- 
pective engineer,  we  should  include  a  thorough  treatment  of 
the  fundamental  principles  of  the  subject,  a  study  of  the 
laws  of  thermo-dynamics,  Carnot's  function,  and  the  whole 
set  of  fundamental  equations,  and  their  interpretations. 
Then  should  come  the  applications  of  these  fundamental 
principles  to  the  gases  and  vapors  used  in  practice  for  pro- 
ducing power,  especially  steam,  and  also  gas  and  air.  Then  a 
study  of  the  experiments  that  have  been  made,  and  the  results 
of  the  experiments  on  the  properties  of  vapors  and  gases ; 
the  experimental  determinations  of  the  mechanical  equiva- 
lent of  heat ;  the  tables  of  the  properties  of  saturated  steam, 
as  pressure,  temperature,  density,  specific  heat,  latent  heat, 
entropy,  etc.;  also  the  same  for  other  vapors.  Then  a 
study  of  the  laws  governing  the  flow  of  fluids,  both  gases 
and  vapors,  through  orifices  and  in  pipes,  including  a  con- 
sideration of  the  resistances  and  a  study  of  the  steam 
injector. 

Then  the  student  is  prepared  for  a  study  of  the  be- 
havior of  steam  in  the  cylinder  of  a  steam  engine.  At 
this  point  he  should  be  taught  the  modern  methods  of 
analyzing  and  separating  the  various  actions  of  the  steam 
that  passes  through  the  engine,  and  of  giving  to  each 
its  proper  consideration  ;  as,  for  example,  the  heat  used 
up  in  work,  that  used  up  in  cylinder  condensation,  that 
used  up  in  condensation  in  the  jackets,  if  there  are  any,  the 
heat  rejected  by  the  engine,  radiation  ;  also  the  methods  of 
studying  the  effects  of  superheated  steam,  etc.;  all  these  for 
both  single  and  multiple  expansion  engines,  and,  in  the  cases 
of  the  latter,  the  effects  of  different  sizes  and  arrangements 
of  receivers,  the  methods  of  proportioning  the  cylinders, 
etc. 

Next,  he  should  learn  what  are  the  requirements  for  a 
proper  engine  test,  both  when  it  is  made  for  ordinary  com- 
mercial purposes,  and  also  when  it  is  to  be  made  in  a 
thoroughly  complete  and  scientific  manner  for  the  purpose 
of  obtaining  definite  knowledge  as  to  how  to  produce  the 
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best  and  most  economical   results  by  means  of    a  steam 
engine. 

The  day  when  the  taking-  of  a  few  indicator  cards  from  an 
engine,  or  the  making  of  tests  in  which  scientific  principles 
and  scientific  accuracy  are  neglected,  and  claiming  that  such 
tests  can  furnish  information  as  to  what  the  real  effects  of 
different  arrangements  are,  is  rapidly  passing  away,  the 
advocates  of  such  a  course  confounding  themselves  and 
each  other  by  reaching  too  many  contradictory  conclusions 
by  their  tests. 

Now,  from  the  experimental  point  of  view,  the  student 
should  have  presented  to  him,  in  a  carefully  systematized 
form,  an  account  of  such  experiments  as  have  been  made, 
with  such  a  degree  of  accuracy  and  such  regard  for  scien- 
tific principles  as  to  render  them  worthy  of  study.  Of 
course,  there  will  be  a  number  of  tests  in  this  list  which  are 
not  up  to  the  scientific  standards  of  to-day  ;  but  such  a  study 
will  make  the  student  familiar  with  what  is  the  extent 
of  our  knowledge  of  the  subject  up  to  date,  and  he 
will  be  all  the  better  able  to  make  this  study  effective,  by 
being  relieved  of  the  necessity  of  reading  accounts  of  a  lot 
of  worthless  tests  for  the  sake  of  finding  out  those  that  are 
worth  considering. 

Then  he  should  have  a  good  course  on  steam  boilers, 
including  the  construction  and  action  of  the  various  types 
in  use ;  on  the  laws  controlling  the  combustion  of  fuel,  and 
the  evaporation  of  water ;  on  questions  of  heating  surface, 
grate  area,  tube  section,  horse-power,  capacity,  evaporative 
efficiency,  evaporation  from  and  at  212°,  priming  or  super- 
heating, draught,  quantity  of  air  required  for  combustion, 
temperature  of  flue  gases,  size  of  chimney,  methods  of  feed 
ing,  methods  of  determining  quality  of  the  steam ;  and  on 
boiler  accessories,  such  as  gauges,  water  glasses,  grates, 
stokers,  feed  pumps,  injectors,  feed  water  heaters,  econo- 
mizers, damper  regulators,  etc.  This  instruction  should 
embrace  also  the  requirements  for  a  reliable  and  accurate 
evaporative  test ;  what  are  the  possible  maximum  evapora- 
tive efficiencies,  and  what  are  usual  evaporative  efficiencies 
attainable  under  ordinary  conditions. 
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He  should  also  study  the  more  recent  applications  of 
thermodynamics,  such  as  air  compressors,  gas  engines  and 
refrigerating  machines.  In  these  cases  a  lack  of  familiarity 
with  the  laws  of  thermo-dynamics  on  the  part  of  the  makers 
is  very  likely  to  make  itself  apparent  to  the  user  through  the 
medium  of  his  pocket-book,  and  in  no  case  will  this  be  more 
likely  to  be  true  than  in  the  case  of  the  refrigerating 
machine,  either  for  cold  storage  or  for  the  making  of  artifi- 
cial ice,  and  those  who  are  engaged  in  this  business  are 
very  rapidly  realizing  this  fact. 

Now,  when  the  student  has  finished  the  work  referred  to 
on  the  steam  engine  indicator,  and  has  acquired  the  funda- 
mental principles  of  therm-odynamics,  and  is  studying  the 
action  of  the  steam  in  an  engine,  it  is  a  proper  time  for  him 
to  begin  work  in  the  laboratory,  by  making  steam  engine 
tests,  alternating  his  duties  at  each  successive  test  until  he 
has  been  drilled  in  performing  all  the  different  parts  of  the 
work,  and  in  making  all  the  necessary  calculations.  For 
this  purpose  a  small  engine  is,  of  course,  better  than  none, 
but  it  is  much  better  for  the  education  of  the  student  if  his 
work  can  be  done  upon  an  engine  sufficiently  large  to  work 
with  an  economy  comparable  with  that  found  in  such 
engines  as  are  used  in  large  and  well-designed  modern 
plants.  Such  tests  made  by  the  student  himself,  under  the 
direction  and  guidance  of  the  instructor,  will  leave  a  lasting 
impression  upon  his  mind,  and  will  convey  information 
which  he  cannot  acquire  as  well  in  any  other  way.  Hence, 
it  is  far  better  to  use  a  triple,  or  at  least  a  compound  engine, 
of  sufficient  size  to  secure  a  steam  consumption  of  about 
fourteen  or  fifteen  pounds  of  water  per  horse-power  per 
hour,  than  to  use  a  small  single  engine,  where  the  steam 
consumption  per  horse-power  per  hour  is  as  high  as  thirty, 
forty  or  more  pounds.  In  making  the  tests  no  loose  work 
should  be  allowed,  but  the  student  should  be  required  to 
perform  all  the  work  with  the  greatest  accuracy  possible, 
and  this  accuracy  should  be  such  as  to  render  the  test 
thoroughly  reliable  from  a  scientific  standpoint.  This  can 
be  accomplished  provided  the  instructor  exercises  the 
necessary  supervision  over  the  work. 
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Later  in  the  course  the  student  should  make  accurate 
and  carefully  conducted  boiler  tests  on  some  large  boilers. 
By  these  methods,  he  will  be  made  to  appreciate  better 
the  work  which  he  is  doing  in  the  class-room  and  will 
see  that  it  finds  its  application  in  just  such  work  as 
an  engineer  has  to  do  in  the  course  of  his  profession.  Of 
course,  he  should  have  to  perform  other  sorts  of  experi- 
mental work  with  steam  in  the  laboratory  besides  engine 
and  boiler  tests,  but  of  these  will  be  referred  to  later. 

The  whole  idea  of  such  a  course  as  I  have  outlined  is,  as 
you  will  see,  to  give  the  student  a  thorough  drill  in  the  fun- 
damental principles  of  the  subject,  and  then  to  teach  him 
how  these  principles  apply  to  the  work  of  the  engineer,  by 
means  of  both  class-room  and  laboratory  work,  the  deduc- 
tions and  developments  from  the  fundamental  principles 
being  made  in  the  direction  of  engineering  work,  instead  of 
in  the  direction  of  pure  science ;  and  then,  by  means  of  this 
work,  and  also  by  showing  him  where  we  stand  to-day  in 
regard  to  the  matter  of  reliable  experimental  results,  to 
equip  him  as  fully  as  possible  to  appreciate  and  to  take  part 
in  the  best  and  most  scientific  engineering  work  of  the 
present  times,  and  thus  to  be  ready  in  the  future,  ever  to 
take  advantage  of,  and  to  take  his  part  in  developing,  what- 
ever progress  the  future  may  have  in  store  for  us. 

Another  fundamental  subject  is  hydraulics.  Our  pros- 
pective engineer  should  understand  the  principles  of  hydro- 
statics and  hydrodynamics  ;  in  other  words,  the  laws  gov- 
erning the  pressure  of  water,  and  the  flow  of  water,  whether 
in  pipes,  in  open  channels,  through  orifices  or  over  weirs. 
He  should  also  be  familiar  with  the  character  and  the 
results  of  such  experiments  as  have  been  made  upon  these 
subjects,  and  should  know  how  to  conduct  such  experi- 
mental work. 

Whatever  may  be  the  special  line  of  engineering  in 
which  he  is  engaged,  he  is  liable  to  have  to  establish  a 
water  supply,  with  all  the  necessary  works,  such  as  reser- 
voirs, pumping  engines,  piping,  etc.;  or  to  build  a  system  of 
sewerage,  or  he  may  find  his  manufactory  so  situated  that 
it  is  advisable  to  take  advantage  of  a  water-power,  and  to 
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build  all  the  necessary  works,  such  as  dams,  canals,  locks, 
sluice-ways,  etc.  He  may  have  to  establish  river  or  harbor 
works,  or,  even  if  not  these,  he  may  have  to  build  a  wharf,  a 
quay,  or  even  a  dock,  if  his  works  are  on  the  water's  edge. 
Unless  he  is  to  make  a  specialty  of  hydraulic  work,  he  can- 
not, in  a  four  years'  course  of  engineering,  afford  the  time 
to  make  himself  master  of  the  details  of  all  these  kinds  of 
works,  but  he  should  become  familiar  with  the  principles 
stated  above,  and  then  he  can  afterward  make  a  special 
study  of  part  or  all  of  these  subjects. 

Next  comes  the  question  as  to  how  far  electricity  should 
be  accounted  a  fundamental  subject,  and  consequently  one 
to  be  required  of  all  engineering  students,  whatever  their 
special  lines. 

It  is  now  usually  customary  to  require  them  to  learn 
some  electricity  in  connection  with  general  physics,  and 
sometimes  a  little  more ;  the  rest  being  given  to  students 
of  electrical  engineering  only. 

Whether  or  not  a  considerably  larger  amount  should  be 
put  in  the  list  of  fundamental  studies,  will  depend  upon 
how  far  and  how  intimately  electrical  appliances  come  to 
associate  themselves  with  the  every-day  work  of  the  engi- 
neer, whatever  his  specialty.  The  probabilities  are,  it 
seems  to  me,  that  it  will  not  be  many  years  before  we  shall 
have  to  insert  a  much  larger  amount  of  electricity  than  we 
now  do  in  our  list  of  fundamental  studies. 

The  subjects  thus  far  enumerated  are  fundamental,  and 
are  necessary  for  our  prospective  engineer,  whatever  be  the 
special  line  of  engineering  to  which  he  is  to  devote  himself. 
He  cannot  afford  to  do  without  any  one  of  them. 

In  laying  out,  therefore,  any  engineering  course,  of  what- 
ever name,  whether  civil,  mechanical,  mining,  metallurgical, 
electrical,  or  chemical  engineering,  we  should  arrange,  first 
of  all,  the  time  necessary  to  give  good  courses  in  mathe- 
matics, general  physics,  drawing  (including  descriptive 
geometry),  mechanism,  applied  mechanics  (including,  of 
course,  strength  of  materials),  thermo-dynamics  and  steam, 
and  the  general  principles  of  hydraulics.  Moreover,  thor- 
ough instruction  in  these  should  not  be  sacrificed   to  any 
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other  subjects,  whether  of  an  engineering  or  of  a  general 
character.  In  other  words,  the  work  in  these  subjects 
should  be  thoroughly  performed,  whatever  else  is  or  is  not 
accomplished. 

When  this  has  been  done,  we  can  then,  and  not  till  then, 
begin  to  consider  what  other  subjects  should  be  added,  and 
these  may  be  classified  as  follows:  (i)  subjects  of  a  pro- 
fessional nature  bearing  on  the  work  of  an  engineer  in 
general,  whatever  his  specialty;  (2)  subjects  of  a  profes- 
sional nature,  which  bear  directly  on  the  special  line  of 
engineering  which  the  course  is  intended  to  teach;  (3)  sub- 
jects of  a  non-professional  character  intended  to  broaden 
the  field  of  knowledge  and  to  impart  general  information  ; 
(4)  subjects  which  fulfil  partly  one  of  these  functions,  and 
partly  another. 

In  the  first  class,  though  respectively  of  very  different 
degrees  of  importance,  I  should  place  (a)  machine  design, 
(b)  dynamics  of  machinery,  {c)  metallurgy  of  iron,  {d)  heat- 
ing and  ventilation,  {e)  stereo tomy,  (/)  surveying,  [g)  shop- 
work.  How  many,  and  which  of  these  subjects  can  be 
added  will  depend  upon  circumstances. 

Reviewing  in  detail  the  kind,  of  course,  I  have  in  mind 
under  each  of  these  heads,  I  will  make  the  following  re- 
marks : 

(a)  Machine  Design. — This  course,  to  be  of  the  greatest 
value,  should  take  up  problems  of  real  engineering  design, 
and  should  deal  especially  with  the  details.  Thus  the 
student  should  be  made  to  study  each  separate  piece,  and 
its  connection  with  the  other  pieces,  to  determine  the  forces 
acting  upon  it,  and  the  stresses  to  which  the  piece  is  sub- 
ject in  consequence  of  the  action  of  these  forces,  and  to 
design  the  separate  details  in  such  a  manner  that  they 
shall  have  the  requisite  strength  and  stiffness. 

Of  course,  it  is  desirable,  also,  to  have  some  work  done 
on  mechanism  design,  where  the  student  shall  have  practice 
in  adapting  mechanisms  to  the  special  objects  that  are  to  be 
accomplished,  but  it  is  also  important  that  he  should  learn 
that  in  making  any  such  design,  he  must  study  the  strength 
and  stiffness  of  each  separate  piece  of  which  the  machine  is 
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composed,  and  must  be  fully  impressed  with  the  facts  that 
any  one  of  these  that  is  not  properly  designed,  means  a 
machine  that  is  not  properly  constructed  and  may  mean  the 
total  failure  of  the  resulting-  mechanism. 

{b)  Under  the  term  dynamics  of  machinery,  I  include  such 
subjects  as  governors,  fly-wheels,  dynamometers,  the  action 
of  the  reciprocating  parts  of  a  steam  engine,  etc.  I  need 
only  mention  these  topics  to  make  plain  their  importance  to 
any  engineer. 

Metallurgy  of  iron  and  heating  and  ventilation  will,  I 
think,  also  make  plain  their  importance  by  a  mere  mention 
of  their  names, 

[  To  be  concIuded7\ 


A  REVIEW  OF  STEREO-CHEMISTRY.* 


By  Stewart  Woodford  Young. 


The  old  structural  formula  for  methane  represented  the 
molecule  of  that  substance  as  being  constructed  by  placing 
the  carbon  atom  at  the  point  of  intersection  of  the  two 
diagonals  of  a  square,  the  four  corners  of  the  square  being 
the  positions  occupied  by  the  four  hydrogens.  This  for- 
mula {Fig.  j)  however,  conflicts  with  the  facts  when  we  con- 
sider the  di-derivatives  of    methane.     As   is   well  known, 
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Fig.  t. 

methane  allows  of  the  formation  of  but  one  series  of  di-de- 
rivatives.  One  and  only  one  dichlormethane  is  known. 
Now,  this  formula  allows  of  the  existence  of  two  series  of 
isomeric  di-derivatives,  {Fig.  2)  {a)  representing  a  di-deriva- 

*  Read  before  the  Chemical  Section. 
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tive,  in  which  the  two  substituting  radicals  are  **  neighbor- 
ing," and  ip)  representing  a  di-derivative  in  which  the  two 
radicals  are  "  opposite."  A  little  study  will  show  that  the 
fact  that  but  one  series  of  di-derivatives  is  formed,  cannot 
be  explained  by  any  plane  formula  We  must,  therefore, 
seek  for  our  formula  a  special  representation. 

As  early  as  i860,  Pasteur  suggested  that  the  property  of 
optical  activity  (see  later)  possessed  by  tartaric  acid  might 
be  explained  if  we  considered  the  atoms  composing  the  tar- 
taric acid  molecule  as  arranged  in  the  form  of  a  helix. 
Since  this,  many  suggestions  as  to  special  formulae  have 
been  made,  but  not  until  1^74,  was  there  published  any 
exhaustive  treatise  on  the  subject. 

In  this  year  Van't  Iloff,  and  independently  of  him,  Le 
Bel  suofSfested  the  tetrahedron  formula  for  methane.  This 
formula  represents  the  four  hydrogens  of  methane  as  occu- 
pying the  four  apices  of  a  tetrahedron,  while  the  carbon 
occupies  a  position  in  the  centre  of  the  tetrahedron  (Fig.  j\ 
It  is  evident  from  a  study  of  this  formula  that  it  permits  of 
but  one  di-derivative. 

A  most  interesting  application  of  this  formula  is  found 
in  the  explanation,  by  means  of  it,  of  that  previously  unac- 
countable phenomenon,  optical  isomerism.  Many  chemical 
compounds,  when  in  solution  or  in  fusion  have  the  prop- 
erty of  causing  the  plane  of  a  plane-polarized  ray  of  light 
to  be  rotated  when  passed  through  the  solution  or  fused 
mass.  Le  Bel  and  Van't  Hoff  noticed  that  all  such  sub- 
stances could  be  considered  as  derivatives  of  methane,  in 
which  each  of  the  four  valences  was  saturated  by  a  different 
radical.  A  carbon  atom  possessing  such  properties  was 
named  ''  asymmetric,"  and  Van't  Hoff  considered  optical 
rotation  to  be  conditioned  by  the  presence  of  such  an  asym- 
metric carbon  atom.     He   afterward  concluded  that  every 
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such  asymmetric  carbon  atom  showed  optical  activity. 
There  are  some  apparent  exceptions  to  this  latter  state- 
ment, but  all  are  easily  explainable. 

Now,  rotatory  polarization  is  found  to  exist  in  two  forms. 
Some  bodies  rotate  a  polarized  ray  to  the  right  and  some  to 
the  left.  Such  bodies  are  called,  respectively,  dextro-rotatory 
and  IcEvo-rotatory.  It  is  found  that,  in  a  great  many  cases, 
if  we  have  a  certain  compound  which  is  dextro-rotatory, 
there  is  a  laevo-rotatory  compound  which,  in  all  other 
repects,  is  identical  with  the  dextro  compound.  To  explain 
the  existence  of  dextro-  and  Isevo-isomers,  let  us  refer  back 
to  our  formula  {Fig.  j).  If  we  consider  Hi,  Hg,  H,  and  H4  to 
be  different  radicals,  it  will  be  seen  that  on  exchanging  the 
position  of  any  two  of  them,  the  formula  will  no  longer  be 
identical,  but  the  one  will  appear  as  the  image  of  the  other, 
as  it  would  be  seen  in  a  mirror.  This  affords  a  simple 
and  plausible  explanation  of  dextro-  and  Isevo  isomers. 
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Fig.  3.  (i)  Fig.  4.  (2) 

Deductions  have  been  made  as  to  the  validity  of  the 
Ladenburg  and  Kekule  formulae  on  the  ground  of  optical 
activity.  It  has  been  pointed  out  that  in  the  Ladenburg 
formula  an  ortho-di-derivative,  in  which  the  two  substituting 
groups  are  different,  will  call  for  an  asymmetric  carbon  atom 
(marked  *  in  the  Fig.  4,  No.  i).  But  we  should  not  expect 
optical  activity  here,  it  seems  to  me,  because  the  carbon 
atom  marked  *  *  in  Fig.  4,  No.  i,  is  also  asymmetric,  but  in 
a  sense  opposite  to  the  first  one.  Therefore,  their  rotations 
should  neutralize  each  other.  In  the  case  of  the  meta- 
derivative,  however,  there  appears  to  be  an  asymmetric 
carbon,  and  only  one.     Therefore,  we  should  expect  such  a 
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compound  to  be  active,  but  as  it  is  not,  it  stands,  at  present, 
as  an  argument  against  the  prism  formula  for  benzene. 

Respecting  the  primal  cause  of  rotation  but  little  is  posi- 
tively known,  although  several  explanations  are  offered. 

The  credit  for  the  theory  as  above  stated  is  due  to  Le 
Bel  and  Van't  Hoff.  Van't  Hoff  appears  to  have  preceded 
Le  Bel  by  a  few  months,  but  Le  Bel's  considerations  were 
arrived  at  entirely  independently.  Since  the  first  announce- 
ment, Le  Bel  seems  to  have  been  somewhat  more  active  in 
elaborating  the  theory  in  its  details. 

We  are  now  in  a  position  to  explain  some  apparent 
exceptions  to  the  statement  that  every  asymmetric  carbon 
atom  is  optically  active,  (i)  Racemic  acid,  which  is  isom- 
eric with  tartaric  acid,  contains  two  asymmetric  carbon 
atoms  (COOH,  OH,  H,  C^  —  C^,  H,  OH,  COOH),  a  and 
b,  but  racemic  acid  is  inactive.  However,  Pasteur  proved 
that  racemic  acid  consists  of  equal  molecules  of  dextro-  and 
laevo-tartaric  acids.  Such  being  the  case,  the  two  equal  and 
opposite  rotations  would  neutralize  each  other  and  the 
mixture  would  be  inactive.  (2)  Mesotartaric,  which  also 
contains  tw^o  asymmetric  carbon  atoms  is  inactive.  The 
inactivity  of  this  substance  is  explained  as  being  due  to  the 
fact  that  of  the  two  asymmetric  carbon  atoms  one  is  dextro 
and  the  other  laevo.  Consequently,  the  two  neutralize  each 
other.  Letting  '*  r  "  represent  a  dextro  rotatory  group  and 
*'  1  "  a  laevo  rotatory  group,  w^e  then  have  the  following  pos- 
sible conditions  for  the  tartartic  acid  isomers  ; 
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It  is  found  that,  in  general,  asymmetric  compounds 
which  depend  for  their  asymmetry  on  the  presence  of  one 
or  more  haloo^ens  directlv  connected  to  the  nuclear  carbon, 
are  inactive.  Two  explanations  for  this  irregularity  are 
are  offered  :  (a)  Victor  Meyer  suggests  that  the  great  vibra- 
tory activity  of  the  halogen  causes  it  to  assume  alternately 
positions  corresponding  to  both  the  dextro-  and  Isevo-isom- 
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ers  ;  (b)  EasterfielcVs  investig-ations  on  mandclic  acid  seem 
to  show  that  the  formation  of  asymmetric  halogen  com- 
pounds is  accompanied  by  an  "iimlagerung-"  in  one-half  the 
molecules,  so  that  the  resultant  product  contains  equal 
molecules  of  the  dextro  and  Isevo  isomers. 

We  will  now  pass  on  to  some  supplementary  theories, 
derived  from  that  of  the  tetrahedron  formula  for  methane. 

Wislicenus'  theories  of  relative  rotation  and  favored 
configuration  in  ethane  derivatives. 

This  theory  is  based  upon  a  dynamical  conception  of  the 
ethane  molecules.  If  we  consider  a  pair  of  singly-linked 
carbon  tetrahedra  we  will  have  the  condition  represented 
in  Fig.  5. 

(In  the  following  considerations  the  term  *'  corresponding 
positions"  is  to  be  taken  as  meaning  position  directly  under 
or  over  one  another,  e.  g.,  in  Fig.  5,  a  and  a'  would  be  corre- 
sponding positions  when  a'  was  directly  under  a\  or,  in  other 
words,  when  a  line  connecting  a  and  a'  was  parallel  to  the 
conjoined  axes  of  the  two  tetrahedra.  The  line  connecting 
the  two  singly-linked  carbon  atoms,  or,  in  other  words,  the 
line  representing  the  direction  of  the  two  carbon  valences 
which  are  used  in  linking  the  two  nuclear  carbon  atoms,  is 
called  the  axis  of  rotation  of  the  molecules). 

Now,  Wislicenus  considers  that  on  the  application  of 
heat  to  a  molecule  of  any  ethane  derivative,  there  is  induced 
in  that  molecule  a  relative  rotation  of  the  two  tetrahedra 
about  the  axis  of  rotation.  As  to  Wislicenus'  idea  of 
favored  configurations,  it  is  very  simply  explained. 

Wislicenus  assumes  that  between  like  groups  there 
exists  a  mutual  repulsion,  the  degree  of  that  repulsion  de- 
pending on  the  degree  of  negativity  of  those  groups.  As- 
suming, now,  the  introduction  of  a  negative  group  in  each 
of  the  tetrahedra  in  Fig.  5,  it  will  be  apparent  that,  if  such 
repulsion  as  Wislicenus  describes,  does  actually  exist,  and 
if  such  possibility  of  rotation,  as  he  assumes,  also  exists, 
there  will  be  formed  a  configuration  of  the  disubstituted 
molecule,  in  which  the  two  negative  groups  are  opposite  each 
other,  i.  e.,  as  far  from  each  other  as  they  can  get.  If 
b  and  c',  in  Fig.  5,  be  two  negative  groups,  then  Fig.  5  repre- 
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seiits  the  favored  configuration  for  such  a  molecule.     It  is 
further  apparent  that  the  application  of  heat  to  such  a  mole- 
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cule  may  overcome  the  directive  tendencies  of  the  two  neg- 
ative groups,  and  continuous  rotation  may  result.     On  again 
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cooling  to  a  point  at  which  the  directive  tendencies  pre- 
ponderate, the  molecule  would  again  assume  its  favored 
configuration. 

Wislicenus'  reasons  for  assuming  the  existence  of  fa- 
vored configurations  and  of  relative  rotation  are  best  illus- 
trated by  the  transformation  of  certain  ethane  derivatives 
into  ethylene  derivatives,  and  of  certain  ethylene  deriva- 
tives into  other  ethylene  derivatives. 

Malic  acid  {Fig.  6)  has  two  configurations  in  which 
hydrogen  and  hydroxyl  are  in  corresponding  positions,  and, 
consequently,  capable  of  losing  water  and  being  converted 
into  ethylene  derivatives.  Now,  of  these  two  configurations 
one  {Fig.  /),  on  losing  water,  would  give  fumaric  acid,  and 
the  other  {Fig.  8),  maleic  acid. 

In  the  third  possible  configuration  for  malic  acid  (which 
is  represented  in  Fig.  6),  hydrogen  and  hydroxyl  do  not 
occupy  corresponding  positions,  and  the  molecule  would 
not  split  oflF  water  while  in  that  position. 

It  is  evident  that  the  acid  from  configuration  shown  in 
Fig.  7  would  be  an  acid  with  the  carboxyls  on  opposite 
sides,  viz.:  fumaric  : 

H        COOH 
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while  the  configuration  represented  in  Fig.  8  would  yield  an 
acid  with  the   two  carboxyls  on   the  same  side,  viz.:  maleic. 
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H        COOH 

Now,  at  the  comparatively  low  temperature  of  1 50°,  the 
favored  configuration  of  malic  acid  exists  apparently  alone, 
ill  we  get,  by  the  splitting  off  oi  water  at  that  temperature, 
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fiimaric  acid.  This  would  be  expected  from  the  favored 
configuration,  which  is  Fig.  7  (simply  imagine  the  OH  and 
its  corresponding  H  to  have  split  off  and  the  two  tetrahedra 
to  have  folded  together  until  the  two  points  previously  occu- 
pied by  H  and  OH  came  into  contact.  We  would  then  have 
the  doubly  linked  tetrahedra,  and  the  two  COOH  groups 
would  be  on  opposite  sides  of  the  molecule  {^Fig.  g). 

By  producing  the  anhydride  of  malic  acid  and  heating 
this,  we  get  maleic  acid.  Now,  in  order  to  form  the  anhy- 
dride, rotation  must  take  place  until  the  two  carboxyls  are- 
in  corresponding  positions.  An  anhydride  of  this  nature 
on  losing  waterwould  yield  maleic  acid.     The  configuration 
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Fig.  9. 
of  the  maleic  acid  essential  to  yielding  an  anhydride  is  rep- 
resented in  Fig.  8.     It  is  evident  that  this  configuration  must 
yield  maleic  acid. 

Further,  brom-succinic  acid  on  treatment  with  alcoholic 
potash,  yields  fumaric  acid.  Now,  the  favored  configuration 
of  brom-succinic  acid  is  similar  to  that  of  malic  acid,  and  on 
removal  of  HBr  the  same  unsaturated  isomer  is  formed,  as 
by  loss  of  water  from  the  favored  configuration  of  malic  acid. 

The  easy  transformation  of  maleic  acid  into  fumaric  acid 
has  been  explained  by  assuming  that  an  addition  product  is 
first  formed  (brom-or  chlor-succinic  acid).  This,  then,  allows 
of  rotation  to  the  favored  configuration,  where  it  again  loses 
HBr  and  is  converted,  not  back  into  maleic,  but  rather  into 
fumaric  acid.     Many  other  transformations  among  ethylene 
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derivatives  are  most  readily  explained  on  the  basis  of  Wis- 
liceniis' assumptions  ;  one  in  particular  is  of  interest.  Tol- 
ane  tetrachloride  yields  on  reduction  two  dichlorides, 
which  are  isomeric  and  bear  to  one  another  the  same  rela- 
tions that  are  found  in  fumaric  and  maleic  acids. 

The  transformation  is  represented  in  the  equation  ; 

CpHj        CI2  CgHs        CI 

C  C 

c  c 

^  /\ 

QHg  CI2  ^1^5  CI 

From  a  study  of  the  three  configurations  of  the  tetra- 
chloride, it  will  be  found  that  in  each  there  are  contained 
chlorine  atoms  in  corresponding  positions.  It  will  be 
further  found  that,  of  the  three  configurations,  two  can  5neld 
the  stable  dichloride  and  one  the  unstable.  Accordingly, 
Eiloart  has  found  that  at  higher  temperatures,  when  all 
three  configurations  can  exist,  on  account  of  rotation,  about 
two-thirds  of  the  yield  was  stable  and  one-third  unstable. 
At  lower  temperatures  less  than  one-third  of  the  unstable 
dichloride  was  produced  on  account  of  the  preponderance  of 
directive  tendencies. 

THE  RELATIVE  STABILITY  OF  METHYLENE  RINGS. 

Two  theories  have  been  advanced  to  explain  the  increase 
of  stability  that  is  noticed  in  methylene  rings,  when  the 
number  of  methylene  groups  increases.  The  first  is  v. 
Baeyer's  so  called  ''strain  theory."  V.  Baeyer  considers  that 
in  doubly  and  trebly  linked  carbon  compounds  there  are 
respectively  two  and  three  valences  that  are  "  strained " 
from  their  normal  or  ethane  condition,  and  that  on  account 
of  their  strained  condition  they  render  the  linking  very 
liable  to  rupture.  Thus  ethylene  derivatives  are  unstable^ 
and    acetylene    derivatives   in   many  cases  even  explosive. 

In  applying  this  thought  to  methylene  rings  it  is  found 
that  although  only  single  linkings  are  present,  nevertheless 
these  single  linkings  must  be  considered  as  diverted  from 
their  normal  direction.     Von   Baeyer  calculates  this  diver- 
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gence  for  trimethylene  rings  to  be  24°  44'.  In  tetramethy- 
lene  rings  it  is  9°  34',  in  pentamethylene  rings  it  is  0^44', 
and  in  hexamethylene  rings  it  is — 5°76^  It  is  universally 
conceded  that  trimethylene  rings  are  the  least  stable  of  any, 
tetramethylene  being  second  in  order  of  instability.  There 
is  some  dispute  as  to  the  relative  stability  of  penta-  and 
hexamethylene,  later  investigations  seeming  to  point  to  pen- 
tamethylene as  the  more  stable. 

The  second  of  the  above-mentioned  theories  is  that  due 
to  Wunderlich,  who  conceived  the  actual  shape  of  a  carbon 
atom  to  be  a  tetrahedron.  The  points  of  affinity  in  these 
tetrahedra  would  be  in  the  center  of  each  face,  where  there 
is  most  matter,  or,  at  least,  we  can  consider  the  resultant  of 
affinity  as  acting  at  those  points.  Consequently,  the  posi- 
tion of  two  singly-linked  carbon  atoms  would  be  face  to 
face.  Now,  in  the  formation  of  methylene  rings  the  two 
faces  of  neighboring  carbon  atoms  can  no  longer  touch  or 
be  parallel.  Since,  further,  the  attraction  of  any  two  bodies 
decreases  as  the  square  of  the  distance,  it  follows  that  there 
will  be  less  attraction  as  the  divergence  increases.  Thus 
we  arrive  at  the  same  conclusion  as  v.  Baeyer  as  to  the 
relative  stability  of  methylene  rings. 

Skraup  has  suggested  an  explanation  of  the  fact  that  in 
the  breaking  of  double  bonds,  only  one  of  the  bonds  is 
broken,  and  not  both.  Skraup  accepts  Wunderlich's 
hypothesis,  and,  on  the  basis  thereof,  undertakes  a  con- 
sideration of  doubly-linked  carbon  atoms.  Two  such 
doubly-linked  Wunderlich  tetrahedra  would  have  an  edge 
of  each  in  common,  and  their  points  of  affinity  cannot  be 
in  contact.  Since  they  are  not  in  contact,  Skraup  supposes 
it  possible  that  oscillations  causing  alternate  approach  and 
recession  between  each  pair  are  possible. 

Now,  two  points  of  affinity  which  have  separated  are  less 
saturated  than  when  nearer  together,  and  addition  would 
take  place  at  those  points  rather  than  at  the  positions  occu- 
pied by  the  two  points  that  have  approached. 

Thus  only  one  bond  is  broken,  whereas  both  would  be 
affected  alike  if  they  were  permanently  equal.  Now,  since 
the  two  pairs  of  points  alternately  approach  and  recede,  we 
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should  expect  equal  numbers  of  bonds  on  each  side  of  the 
molecules  to  be  broken.  Consequently,  we  get  equal  mole- 
cules of  dextro-  and  laevo-tartaric  acids  from  fumaric  acid. 
Eiloart  has  suggested  an  objection  to  this  idea,  viz.:  Since 
when  two  affinity-points  recede,  the  attraction  decreases, 
and  when  two  approach,  attraction  increases,  it  is  difficult 
to  conceive  why  the  condition  of  the  two  doubly-linked 
Wunderlich  tetrahedra  is  not  a  condition  of  unstable 
equilibrium  which  the  slightest  displacement  would  cause 
to  collapse.  This  objection  may,  in  a  measure,  be  answered 
by  the  following  considerations:  We  have  to  consider,  in 
unsaturated  compounds,  not  only  the  carbon  atoms  them- 
selves, but  also  the  groups  that  are  connected  with  them. 
Now  the  oscillatory  displacement  of  two  doubly-linked 
Wunderlich  tetrahedra  not  only  increases  the  attraction  of 
the  two  carbon  atoms,  but  also,  by  bringing  nearer  together 
the  groups  connected  with  them,  causes  a  continual  increase 
of  repulsive  force  between  these  groups,  until  a  point  is 
reached  at  which  this  repulsive  force  exceeds  the  attractive 
force  of  the  two  carbon  atoms  themselves  (by  virtue  of 
inertia,  the  two  tetrahedra  would  be  carried  past  the  point 
of  equilibrium),  and  the  tetrahedra  are  forced  back  through 
the  second  phase  of  their  oscillation. 

INFLUE^•CE   OF  SPACE  OCCUPIED  ON    STABILITY  AND  ON 

ORIENTATION  OF  GROUPS  IN  THE  SUBSTITUTING  OF 

AROMATIC  HYDROCARBONS. 

Bischoff  has  suggested  that  the  cause  of  the  instability 
of  carbonic  acid  may  be  due  to  the  fact  that  the  two 
hydroxyls  do  not  have  room  enough  to  perform  their  oscil- 
lations without  conflicting  with  one  another,  and  that,  con- 
flicting with  one  another,  they  split  off  water  and  carbonic 
acid  becomes  carbon  dioxide  and  water. 

CO<gg  =  CO,  +  H^O. 

He  explains  the  much  greater  stability  of  the  bicarbo- 
nates  by  assuming  a  repulsion  to  exist  between  OH  and 
ONa  which  is  greater  than  that  between  two  OH  groups. 
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Consequently,  these  two  could  not  come  near  enough  to  con- 
flict and  the  compound  is  stable. 

The  two  formulae  here  given  represent  the  relative  posi- 
tions of  the  groups  in  H2CO3    HNaCOs  and  Na.^COj 

/ONa 

ONa  / 


co<nS  coC  CO: 

OH  \qjj 


ONa 


Bischoff  has  applied  this  idea  to  many  organic  compounds, 
and  has  carried  out  exhaustive  investigations  upon  the 
methyl  and  ethyl  succinic,  tartaric  and  glutaric  acids. 

Taking  the  succinic  acids  as  an  example,  the  results  of 
BischofiF's  work  are  well  illustrated.  He  found  that,  con- 
sidering these  compounds  as  regards  their  stability  against 
anhydride  formation,  they  could  be  arranged  in  a  perfectly 
definite  series,  as  follows  (the  arrangement  being  from 
stable  to  less  stable): 

(i)  Succinic  acid. 

(2)  Methyl-succinic  acid. 

(3)  Di-methyl-succinic  acid. 

(4)  Tri-methyl-succinic  acid. 

(5)  Tetra-methyl-succinic  acid. 

That  is  invariably  the  introduction  of  a  larger  group  for 
hydrogen  decreases  the  stability  against  anhydride  forma- 
tion ;  because,  as  Bischoff  puts  it,  there  is  less  and  less  room 
for  the  oscillation  of  the  two  carboxyls,  which  are  brought 
into  conflict  more  and  more  readily. 

A  very  interesting  case  of  the  influence  of  space  occupied, 
is  that  of  pyrocinchonic  acid,  which  exists  only  as  an  anhy- 
dride, whereas  its  di-ethyl  salt  is  very  stable. 

If  the  formula  No.  i,  following,  represents  pyrocinchonic 
acid,  Bischcff's  conception  of  the  ethereal  salt  would  be  repre- 
sented by  No.  2. 
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0^2 


CH3  —  C  —  COOH  CH3  —  C  — ^ 

II  II 

CH3  —  C  —  COOH  CH3  —  C  — p 

o 
^c 

No.  I.  No.  2. 

An  interesting  application  of  Bischoff's  principle  of  space 
occupied  has  been  made  by  Kehrmann,  in  connection  with 
the  orientation  of  substituting  groups  in  benzene  deriva- 
tives. 

It  is  a  very  general  statement  that  a  group  substituted 
in  any  position  in  benzene,  renders  the  positions  neighbor- 
ing to  it  more  readily  liable  to  substitution.  Thus  the  nitra- 
tion of  phenol  gives  mostly  the  ortho  product,  as  would  be 
expected.  However,  a  small  quantity  of  para  compound  is 
formed.  This,  Kehrmann  says,  is  on  account  of  a  slight  influ- 
ence felt  on  account  of  lack  of  room  about  the  OH  groups. 
Thus,  some  of  the  nitro  groups  not  being  allowed  to  enter 
in  the  favored  ortho  position,  are  on  account  of  repulsion 
between  OH  and  NO2  forced  as  far  away  as  possible. 

In  nitrating  nitro-benzene  to  the  di-nitro  body  we  get 
almost  exclusively  the  meta  compound.  The  OH  in  phenol 
shows  tendencies  toward  prevention  of  ortho  substitution, 
which  are,  however,  comparatively  slight.  In  nitro-benzene, 
on  account  of  the  much  greater  size  of  the  NO2  group  over 
the  OH  group  (in  phenol),  almost  no  ortho  substitution  is 
permitted  and  the  nitro  groups  assume  meta-positions  (the 
same  as  is  assumed  by  them  in  di-nitration  of  phenol  which 
gives  a  I,  2,  4  compound). 

However,  very  small  quantities  of  ortho  and  para  di-nitro 
benzenes  are  produced  on  nitrating  nitro-benzene,  the  result 
of  the  still  existant  tendencies  to  ortho  substitution,  with  a 
small  tendency  toward  para  that  was  observed  in  the  case 
of  nitrating  phenol. 


The  above  report  was  compiled  simply  in  order  to  pre- 
sent to  the  members  of  the  Chemical  Section,  in  the  time 
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that  could  be  spared  to  such  a  paper  in  one  evening,  as 
clear  an  idea  as  practicable  of  the  main  points  covered  by 
the  field  of  stereo-chemical  investigation.  The  paper  is  sim- 
ply a  compilation,  and,  with  the  exception  of  one  or  two 
suggestions,  introduces  no  original  thoughts.  The  writer 
hopes  to  present,  later,  a  report  upon  the  theory  of  rota- 
tory polarization  in  fluids,  and  to  suggest  some  possible 
explanations  of  the  possible  priince  can  see  thereof. 

The  writer  also  wishes  to  state  that  he  has  been  greatly 
aided  in  this  compilation  by  the  excellent  articles  of  Victor 
Meyer  (B.  23,  569,  Ergebnisse  und  Ziele  dcr  Stereocheviischen 
Forschimg),  and  of  A.  Eiloart  ("  Review  of  Stereochemistry," 
Am.  Chem.  Jour.,  13,  No.  7,  et.  seq.) 


The  resistance  to  CORROSION  of  some  LIGHT 
ALUMINIUM  ALLOYS.^ 


By  Joseph  W.  Richards,  Ph.D. 


It  is  well  known  that  pure  aluminium  is  a  comparatively 
soft  metal,  and  that  for  many  machanical  purposes  where 
strength  is  a  prime  consideration,  it  is  strengthened  and 
hardened  by  being  alloyed  with  a  small  proportion  of  some 
other  metal,  such  as  copper,  nickel,  silver,  German-silver,  or 
titanium.  While  pure  aluminium  has  a  tensile  strength  in 
castings  of  15,000  pounds  per  square  inch,  and  in  sheet  of 
25,000  pounds,  the  addition  of  5  per  cent,  of  nickel  or 
German-silver,  or  2  per  cent,  of  titanium  increases  the 
strength  to  20,000-30,000  pounds  in  castings,  and  40,000- 
50,000  pounds  in  sheet.  At  the  same  time  as  the  strength  is 
thus  increased  from  50  to  100  per  cent.,  the  specific  gravity 
is  not  increased  over  5  per  cent.;  all  of  these  light,  strong 
alloys  being  lighter  than  3.  An  American  firm  making 
aluminium  bicycles  uses  an  alloy  containing  about  8  per 
cent,  of  copper  and  12  per  cent,  of  zinc,  giving  them  castings 
of  great  rigidity. 

The  object  of  the  tests  about  to  be  enumerated  was  to 
determine  the  relative  resistance   of    some  of  these  light 

*  Read  at  the  stated  meeting  of  the  Chemical  Section,  held  December  18, 
1894. 
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alloys  to  corrosion.     The  strips  of    rolled   metal  were  im- 
mersed in  the  following  liquids  : 

(i)  Dilute  caustic  potash,  3  per  cent. — The  behavior  of  the 
alloys-  in  this  solution  shows  their  relative  resistance  to 
alkali,  such  as  in  strong  soaps,  etc.,  and  shows  the  suitability 
of  the  alloys  for  laundry  purposes.     Solution  cold. 

(2)  Dilute  hydrochloric  acid,  3  per  cent. — This  is  the  only 
acid  which  attacks  aluminium  rapidly.     vSolution  cold. 

(3)  Concentrated  nitric  acid. — Shows  the  suitability  of  the 
alloys  for  replacing  platinum  in  the  Grove  battery.  Acid 
cold. 

(4)  Strong  acetic  acid. — Shows  the  resistance  of  the  alloys 
against  vinegar,  and  bears  directly  on  the  uses  of  the  metal 
for  pickling-kettles,  etc.     Solution  at  60°  C.  =  140°  F. 

(5)  Strong  solution  of  common  salt. — This  shows  the  resist- 
ance to  the  agent  present  continually  in  cooking  utensils.  It 
also  shows  light  on  the  suitability  of  aluminium  for  the 
metal  cases  in  which  artificial  ice  is  made,  a  use  for  which 
its  great  heat  conductivity  would  particularly  fit  it.  Solution 
at  65°C.  =  i5o°F. 

(6)  Solution  of  carbonic  acid  gas. — Aluminium  has  been 

suggested  for  trimmings  on  soda-water  fountains  and  for 

the  metal  cups  for  holding  soda-water  glasses.     The  action 

of  water  charged  with  CO^  would  also  correspond  to  the 

action   of    rain-water   and  in    general    to  exposure   out  of 

doors.     Solution  at  25°  C.  =  'j']'^  F. 

TABIvB  I. 
Relative  Resistance  to  Corrosion.     (Pure  Al  =  too). 


3  per  cent,  copper    .    .    . 

3  per  cent.  German-silver 
3  per  cent,  nickel     .    .    . 
2  per  cent,  titanium    .    . 

99  per  cent,  aluminium 


Caustic 

Potash. 

13-0 

47  "o 


HCl. 
108 

4-4 
3*2 

I33"3 


HNO^. 
26"2 

9-8 
II-3 

51-9 

lOO'O 


NaCl. 

37 

78 

31 

63 

100 


Acetic 
Acid. 
41-2 

26  "O 
207 

80-5 

lOO'O 


CCfi 

Water. 

not 

corroded 

30-8 

not 
corroded 

lOO'O 


lOO'O         lOO'O 

TABLE  II. 
Actuai^   Losses   per   Day    (in   milligrams  per  square  centimeter  of 

surface). 

KOH.  HCl.        HNO^.     NaCl. 

3  per  cent,  copper 265*0        ^x%        .^6'i       o*i 

3  per  cent.  German-silver     .    i,534"4 

3  per  cent,  nickel 580*3 


2  per  cent,  titanium    . 
99  per  cent,  aluminium 


73*4 
34-6 


HCl. 
53*3 
130*6 
i8o*o 

4'3 

5-8 


HNO». 
36-1 

977 

83*0 

18*6 

9*6 


0*05 
0*13 
o*o6 
o  04 


A cetic 
A  cid. 
o*4 

o*6 


C(fi 
Water. 
O* 


075 
020 
0*15 


o*oi 
0*04 
o* 
0*01 
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'ABLK  III. 

TIME   WHICH    WOULD  BK  REQUIRED  BY  THE  SOLUTION    IN   EATINO   THROUGH 

THH   WALLS   or   A    VKSSHL    I    MM. 

(2V  i"ch) 

IN   THICKNESS. 

Dilute. 

Dilute. 

Cone. 

Strong. 

Strong:. 

Saturated. 

KOH. 

HCl. 

H\C>^. 

Aeet.  Ac. 

A  a  CI. 

cry-  ivatei . 

Days.  Mrs. 

Days.  Hrs 

.  Days.  Hrs 

Days. 

Days. 

Days. 

3  per  ceut.  copper       .    .    .    i —  2 

5—  7 

7 — 20 

705 

2,820 

— 

3  per  cent.  German-silver    0 —  4 

2—  5 

2-22 

467 

5,6cx3 

28,000 

3  per  cent,  nickel    ....    0 — 12 

I— 13 

3-8 

379 

2,130 

7,000 

2  per  cent,  titanium       .    .    3 — 20 

64—  0 

14—20 

1,375 

4.550 

— 

99'9  per  cent,  aluminium       7 — 20 

46 — 22 

28—  8 

1,810 

6,800 

27,000 

Remarks  on  the  Tables  : — For  bath-tubs,  wash-basins, 
]aundr3--tubs,  wash-boilers,  and  any  use  in  which  the  alloys 
come  in  contact  with  alkali,  the  pure  metal  resists  corrosion 
far  better  than  any  of  the  alloys  examined.  At  the  same 
time,  if  greater  strength  is  required,  the  copper  alloy  stands 
next  in  suitability,  and  possesses  the  advantage  of  casting 
with  less  shrinkage  than  pure  aluminium. 

For  purposes  where  free  hydrochloric  acid  may  acciden- 
tally be  encountered,  the  titanium  alloy  recommends  itself 
as  far  superior  to  the  other  alloys,  and  even  to  the  pure  metal. 

For  use  in  nitric  acid,  the  pure  metal  stands  first,  and  it 
would  be  a  fair  conclusion  that  the  purer  it  is  the  greater 
will  be  its  resistance.  It  would,  therefore,  be  preferable  to 
obtain  the  very  purest  aluminium  for  making  battery  plates, 
such  as  the  Pittsburgh  Reduction  Company's  99*9  per  cent, 
quality.  A  sheet  of  such  metal  one-tenth  inch  in  thickness 
would  bear  over  a  month  constant  immersion  in  the  concen- 
trated acid. 

In  strong  acetic  acid  the  alloys  all  resist  well,  but  the 
pure  aluminium  best.  If  it  is  necessary  to  have  considerable 
strengih,  the  titanium  alloy  is  the  best.  The  use  of  such 
alloys  for  steam-jacketed  kettles  in  pickle  and  vinegar  works ; 
also  for  evaporating  dishes,  etc.,  in  chemical  works  is  of 
rapidly-growing  importance. 

In  strong  salt  solution,  pure  aluminium  is  best,  but  the 
German-silver  alloy  stands  highest  among  the  alloys. 

Since  this  alloy  is  of  a  fine  color,  strong  and  quite  elastic, 
its  use  would  appear  advantageous  in  cooking  utensils,  but 
especially  for  the  cans  in  ice-cream  freezers  and  the  large 
rectangular  vessels  in  which  artificial  ice  is  frozen.    Alumin- 
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ium  stands  next  to  copper  and  silver  in  heat  conductivity, 
and  its  use  for  the  last  mentioned  purpose  would  ensure  a 
very  rapid  flow  of  heat  from  the  contents  of  the  cans,  while 
the  innocuity  of  the  metal  would  be  an  additional  point  of 
superiority  over  the  tin  or  galvanized-iron  vessels  now  used. 

For  out-of-door  exposure,  as  shown  by  the  resistance  to 
water   charged   with  carbonic   acid,   the  titanium   or  cop 
per  alloys  are  to  be  recommended.     They  are  of  about  equal 
strength,  but  the  copper  alloy  has  the  best  color. 

There  are  numerous  purposes  to  which  aluminium  can  be 
applied  where  the  general  requirements  are  fine  color, 
strength,  springiness  and  hardness,  without  particular  refer- 
ence to  the  action  of  the  above-mentioned  corroding  agents. 
Such  are,  for  instance,  pen-holders,  paper-cutters,  pocket 
rules,  match-boxes,  cigar  cases,  combs,  tongs,  watch  and  key 
chains,  field  glasses,  surveyors'  instruments,  mariner's  sex- 
tants, and  many  others.  For  all  such  purposes,  the  German- 
silver  alloy  can  be  recommended  as  being  the  best  adapted. 
Its  mechanical  properties  have  been  determined  by  the 
writer,  as  follows : 

Cast.  Rolled. 

Specific  gravity 273  2-83 

Lbs.  Lbs. 

Elastic  limit, 20,500*  40,000! 

Tensile  strength, 22,450*  42,040! 

*Test  of  specimens,  prepared  by  the  writer,  made  on  the  United  States  test- 
ing machine  at  Watertown  Arsenal. 

t Specimens  prepared  by  the  writer,  rolled  hard,  tested  by  Tinius  Olsen 
Philadelphia. 

The  color  of  this  alloy  is  whiter  than  pure  aluminium  ; 
it  is  considerably  harder,  therefore,  stands  wear  better,  and 
in  thin  sheets  is  almost  as  elastic  as  steel. 
Lehigh  University,  November  20,  1894. 


NOTES  AND  COMMENTS. 


A  New  Product  of  the  Electric  Furnace.* — The  electric  smelting 
process,  which  was  first  developed  and  made  manageable  for  industrial 
uses  by  the  brothers  Cowles  in  their  now  well-known  electric  furnace  for  the 
production  of  aluminium  alloys,  has  since  been  studied  experimentally  by 

*  From  the  Secretary's  monthly  report,  December  19,  1894. 
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numerous  observers  in  the  interest  of  pure  science  and  the  industries,  and 
has  yielded  results  of  the  most  interesting  nature. 

The  French  chemist,  Moissan,  for  example,  has  shown  that  at  the  enor- 
mously high  temperatures  which  it  is  possible  to  obtain  only  in  furnaces  in 
which  the  heat  of  the  electric  arc  is  utilized,  practically  all  the  difficultly- 
reducible  metals— vanadium,  chromium,  molybdenum,  tungsten,  uranium, 
the  metals  of  the  alkaline  earths,  etc. — may  be  de  oxidized  by  carbon,  and 
obtained,  under  suitable  conditions,  in  the  pure  state. 

Even  more  interesting,  perhaps,  since  it  opens  the  door  to  a  wide  and 
hitherto  unexplored  field  of  chemical  discovery  which  may  eventually  lead 
to  applications  of  the  greatest  value  in  the  industries,  is  the  observation  by 
various  experimenters  of  the  formation  of  peculiar  carbon  compounds, 
either  quite  new,  or  diffit  ulily  procurable  by  other  methods,  and  which,  under 
the  conditions  of  intense  heat,  only  obtainable  in  furnaces  of  this  kind,  are 
formed  readily  and  in  quantity  only  limited  by  the  scale  on  which  the  opera- 
tion is  conducted.  It  will  only  be  necessary,  in  proof  of  this  statement,  to 
refer  to  the  silicon  carbide  (carborundum)  of  Acheson,  the  analogous  boron 
carbide  of  Moissan,  the  aluminium  carbide  of  the  Cowles  brothers,  etc. 
These  and  other  analogous  compounds  were  previously  known,  but,  owing  to 
the  difficulty  of  forming  them  by  methods  heretofore  available — arising 
chiefly  from  the  great  intensity  of  temperature  needed  for  their  production — 
their  utilization  for  industrial  purposes  was  not  dreamed  of. 

The  electric  fuinace  metlod  has  shown  us  that  these  compounds  and 
many  like  them  can  be  produced  in  any  desired  quantity  and  at  a  cost  which 
does  not  prohibit  their  commercial  application.  The  carborundum  of  Ache- 
son  is  at  present  m  inufactured  by  the  ton,  and  although  its  discovery  dates 
only  a  few  years  back,  it  is  already  recognized  in  ihe  arts  as  a  valuable  addi- 
tion to  the  class  of  abrasive  materials. 

A  more  recent  discovery  made  with  the  aid  of  the  electric  furnace,  is  that 
of  a  calcium  carbide  (CaCo),  which,  quite  apart  from  its  scientific  interest, 
gives  promise  of  serving  several  valuable  uses  in  the  arts. 

This  compound,  like  the  several  others  named  above,  is  not  unknown  to 
science,  having  been  produced  for  the  first  time,  in  small  quantity,  by  the 
distinguished  chemist  Wohler,  over  fifty  years  ago,  in  the  course  of  some 
investigations  on  the  preparation  of  acetylene  (CoHo);  and  analogouly  con- 
stituted carbides  of  potassium  (KoC.j),  and  barium  (BaCo)  have  been  pro- 
duced by  various  more  or  less  indirect  and  costly  methods. 

The  discovery  of  the  method  of  producing  the  calcium  carbide  directly  in 
the  electric  furnace  was  made  by  Mr.  Thos.  L.  Willson,  and  appears  to  have 
been  an  unlooked-for  result  obtained  in  the  course  of  experiments  carried  on 
at  Spray,  N   C,  for  the  manufacture  of  alloys  of  aluminium  and  calcium. 

In  what  follows,  I  shall  draw  freely  from  an  admirably  written  descrip- 
tive article  on  the  subject,  prepared  by  Dr.  Francis  Wyatt,  which  appears  in 
the  impression  oi  X\i^  Etigineering and  Mi7ting  Journal,  of  December  15,  1894. 

While  attempting  to  produce  metallic  calcium  in  his  electric  furnace,  Mr. 
Willson  succeeded  in  obtaining  from  a  simple  mixture  of  lime  and  carbon, 
subjtcted  to  the  heating  effect  of  a  current  of  4,000  to  5,000  amperes,  a  fused, 
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Mark,  homogeneous  mass,  which  on  cooling  became  solid  and  brittle,  and 
which  proved  upon  analysis  to  be  a  very  pure  calcium  carbide  of  the  compo- 
sition CaCo.  This  substance,  when  dropped  into  water,  readily  decomposes 
liberating  pure  acetylene  with  the  formation  of  calcium  hydrate,  the  reaction 
being  expressed  by  the  formula,  CaCo  +  2H0O  =  C2H2  +  Ca(HO)2. 

Dr.  VVyatt  very  appropriately  refers  to  this  contribution  to  organic  chem- 
istry of  a  plentiful  and  cheap  source  of  acetylene,  by  so  easy  and  simple  a 
method  of  manufacturing  calcium  carbide,  as  one  of  the  most  important  of 
the  valuable  resources  added  to  the  chemical  industry  by  electrical  engineers. 
The  value  of  the  discovery  was  duly  appreciated  by  its  author,  and  arrange- 
ments have  been  practically  consummated  for  undertaking  the  manufacture 
of  the  carbide  on  the  large  scale. 

The  construction  of  the  electrical  furnace  designed  and  patented  for  the 
purpose  by  Mr.  Willson,  does  not  appear  to  differ  materially  from  others  of 
the  type  that  have  preceded  it,  embodying  merely  certain  changes  in  minor 
details  to  adapt  it  for  yielding  the  best  results.  It  may,  therefore,  be  passed 
ovlt.  The  same  comment  may  apply  to  the  operative  features  of  the  process, 
which  Dr.  Wyatt  describes  as  "  decomposing,  deoxidizing,  or  reducing  refrac- 
tory metallic  ores  or  compounds  by  subjecting  them,  while  intimately  com- 
mingled with  an  excess  of  finely  divided  carbon  to  the  continued  heat  of  an 
electric  arc,  the  mixture  being  between  the  separated  electrodes."  These  are 
essential  conditions  of  operation  in  every  electrical  furnace.  The  special 
feature,  if  it  may  be  so  called,  appears  to  be  embraced  in  the  explanation 
that  arc  shall  be  maintained  quite  close  to  that  portion  of  the  mixture  that 
is  immediately  under  treatment,  while  reference  is  made  to  the  part  played 
by  the  presence  of  an  excess  of  carbon  in  preventing  violent  fluctuations  of 
electrical  resistance. 

Of  much  more  direct  interest  are  the  statements  given  by  Dr.  Wyatt  of 
the  cost  of  manufacturing  the  carbide  based  upon  the  results  obtained  in 
actual  practice,  and  his  references  to  the  probable  comme^-cial  value  of  this 
new  source  of  acetylene. 

These  statements  we  give  in  the  author's  own  language,  viz.: 

As  the  actual  result  of  its  recent  practice,  the  Willfon  Aluminum  Com- 
pany has  found  that  it  can  produce  one  short  ton  of  calcium  carbide  from  a 
mixture  of  1,200  pounds  of  fine  coal  dust  and  2,000  pounds  of  burnt  lime, 
and  at  an  expenditure  of  about  180  electrical  horse-power  per  hour  for  twelve 
hours.  These  figures  are  not  very  far  from  those  required  by  theory,  and 
they  agree  very  closely  with  those  given  by  H.  Moissan,  who  has  also  pro- 
duced the  carbide  in  an  electrical  furnace  of  his  own  invention.  It  would, 
therefore,  seem  safe  to  formulate  the  approximate  cost  of  production  some- 
what as  follows  for  both  the  carbide  and  the  acetylene  : 

1,200  pounds  coal  dust,  say $2  fo 

2,000  pounds  powdered  burnt  lime 4  00 

180  electrical  hurse-power  from  water  at,  say,  50  cents  per  hour  for  12  hours 6  00 

Labor,  etc 2  50 

Cost  per  2,000  pounds  CaCo,  say $15  00 

Cost  per  2,000  pounds  C2H2,  say 1^37  00 
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These  figures  would  hold  good,  not  only  for  the  present  woiks  in  North 
Carolina,  but  at  any  other  i)lace  where  very  cheap  water-power  and  equally 
cheap  coal,  lime  and  labor  are  procurable  and  accessible. 

The  specific  gravity  of  calcium  caibide  is  2  22  at  a  temperature  of  18°  C, 
and,  as  may  be  judged  from  its  formula,  it  is  practically  'nsoluble  in  all  the 
ordinary  reagents.  Its  qualities  and  characteristics  have  not  been  fully  inves- 
tigated, but  Moissan  has  found  that  it  may  be  heated  in  hydrogen  gas,  or 
exposed  to  nitrogen  at  1,200°,  or  to  the  contact  of  silicon  or  boron  at  a  bright 
red  heat,  without  undergoing  any  change,  and  that  it  is  not  affected  by 
sodium  or  magnesium  at  the  softening  point  of  glass,  or  by  tin  at  a  red  heat. 
At  a  higher  temperature  than  a  dull  red  heat  it  alloys  with  iron,  and  this  is 
well  worth  noting,  because  it  may  be  of  interest  in  the  future  industry  of  steel. 
It  becomes  incandescent  in  contact  with  chlorine,  bromine  and  iodine  at  the 
respective  temperatures  of  245°,  350°  and  305°.  It  burns  in  oxygen,  with 
formation  of  calcium  carbonate,  at  a  dull  red  heat,  and  at  500°  it  becomes 
incandescent  in  sulphur  vapor,  and  yields  calcium  sulphide  and  carbon 
bisulphide.  Water  is  decomposed  by  it  very  rapidly  and  with  evolution  of 
pure  acetylene,  but  its  action  upon  steam  is  not  so  rapid,  even  when  it  is  red 
hot,  and  the  gas  evolved  is  not  pure  acetylene,  but  contains  free  hydrogen. 
In  dilute  acids  it  behaves  in  the  same  way  as  with  water,  but  it  is  only  slightly 
attacked  by  fuming  nitric  and  sulphuric  acids,  although  ordinary  sulphuric 
acid  readily  decomposes  it,  giving  off  an  odor  of  aldehyde.  Dry  hydrogen 
chloride  makes  it  incandescent,  and  the  gas  evolved  contains  a  large  propor- 
tion of  hydrogen.  With  fused  chromic  anhydride  it  forms  carbonic  anhy- 
dride with  incandescence,  but  with  a  solution  of  chromic  acid  it  produces 
acetylene  only.  It  is  oxidized  by  potassium  chlorate  or  nitrate  at  a  red  heat 
with  incandescence,  and  formation  of  calcium  carbonate.  Lead  peroxide 
oxidizes  it  with  incandescence  below  a  red  heat,  the  reduced  lead  containing 
calcium,  and  it  becomes  incandescent  by  trituration  with  lead  chromate  at 
the  ordinary  temperature. 

This  rapid  summary  of  the  results  of  preliminary  investigations  would 
seem  to  strengthen  the  opinion  already  expressed,  that  calcium  carbide  chiefly 
claims  our  attention  as  a  practically  unlimited  and  most  convenient  source  of 
pure  acetylene,  and  there  is  little  reason  to  doubt  that  its  utilization  in  this 
direction  will  soon  cause  it  to  be  manufactured  extensively  in  this  and  other 
countries. 

The  hydrocarbon  acetylene  is  regarded  by  chemists,  and  very  justly  so, 
as  one  of  the  most  important  intermediate  bodies  in  the  synthesis  of  organic 
compounds  from  their  elements,  and  as  one  of  the  most  interesting  of  the 
entire  series.  It  is  the  only  hydrocarbon  that  can  be  prepared  directly 
from  its  free  elements  when  the  electric  arc  passes  between  carbon  poles 
in  an  atmosphere  of  hydrogen,  and  it  is  worthy  of  consideration  that  this 
combination  involves  heat  to  the  amount  of  61,000  units.  This  tremen- 
dous energy  explains  why  the  sudden  decomposition  of  acetylene  evolves 
enough  heat  to  raise  the  temperature  to  3,000°,  and  why  the  intense  mole- 
cular vibration  produced  by  detonating  a  minute  quantity  of  mercuric  ful- 
minate in  25   cubic   centimetres  of   it  causes   a  violent    explosion,  accom- 
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panied  with  production  of  free  hydrogen  and  finely  divided  carbon.  It 
has  been  hitherto  produced  for  commercial  purposes  by  the  incomplete 
combustion  of  coal  gas  according  to  the  equation  :  4CH4  -f-  3O2  =  6H2O 
-f-  2C2H2,  and  its  purification  has  been  effected  by  passing  it  through  an 
ammoniacal  solution  of  cuprous  chloride  and  subsequently  decomposing 
the  red  precipitate  with  dilute  hydrochloric  acid.  This  is,  of  course,  a 
very  costly  and  tedious  operation,  and  is  rendered  a  somewhat  dangerous 
one  by  the  highly  explosive  nature  of  copper  acetylide. 

It  is  a  colorless  and  highly  explosive  gas,  of  very  disagreeable  smell, 
of  specific  gravity  091.  It  burns  with  a  very  smoky,  but  much  more 
luminous,  flame  than  olefiant  gas  and  undergoes  complete  combustion 
when  mixed  with  oxygen  in  the  proportion  of  1:2^  volumes.  At  a  tem- 
perature of  1°  C.  and  a  pressure  of  about  725  pounds  it  becomes  a  mobile 
and  highly  refractory  liquid,  much  lighter  than  water,  whereas  by  heating 
it  in  a  sealed  tube  it  is  converted  into  a  mixture  of  benzene  (CgHg)  and 
styrolene  (CgHg).  By  passing  sparks  through  a  mixture  of  acetylene  and 
nitrogen,  hydrocyanic  acid  may  be  synthesized  from  its  elementary  constitu- 
ents C2H2  +  N2  =  2HCN,  and  from  this  there  may,  of  course,  be  pro- 
duced the  whole  series  of  the  cyanides  and  a  number  of  other  important 
organic  bodies.  If  the  red  precipitate  of  cuprous  acetylide  in  a  solution  of 
ammonia  be  treated  with  metallic  zinc,  nascent  hydrogen  is  produced  and 
ethylene  or  olefiant  gas  (G2H4)  is  formed.  This  in  its  turn  can  be  combined 
with  sulphuric  acid  to  form  sulphethylic  acid  (G2H4  -f  H2SO4  =  C2H5HSO4); 
and  this,  on  being  distilled  with  water,  yields  alcohol  :  C2H5HSO4  +  H2O 
=  CsHeO  -f  H2SO4. 

The  fascinating  scope  for  intelligent  and  painstaking  research  thus 
opened  up  in  so  many  and  so  varied  directions,  must  strike  all  those  who  are 
in  any  way  interested  in  organic  chemistry  as  practically  boundless,  and  the 
results  will  undoubtedly  be  revolutionary.  For  the  purpose  of  giving  us 
better  and  cheaper  illumination  than  the  ordinary  coal,  water  and  oil  gases, 
acetylene  is  already  occupying  much  attention,  and  it  is  from  this  direction 
that  results  will  in  all  probability  be  first  made  apparent.  The  hydrocarbons 
of  the  ethylene  and  acetylene  series  give  the  illuminating  value  to  gas  made 
from  .the  distillation  of  coal  ;  while  the  illuminating  value  of  water-gas  is 
derived  from  a  mixture,  with  the  non-luminous  gases,  of  the  same  series  of 
luminants  obtained  from  the  vaporization  and  cracking  of  petroleum  oils. 
Since  the  power  of  the  illuminants  in  any  gas  is  in  direct  ratio  to  the  relative 
proportion  of  its  carbon  and  hydrogen,  it  must  be  plain  that  acetylene 
(C2H2),  on  account  of  its  great  proportion  of  carbon,  must  be  highly  diluted 
to  prevent  it  from  burning  with  a  smoky  flame.  When,  however,  it  is  diluted 
by  mixture  in  proper  proportion,  either  with  water  gas  or  with  ordinary  atmos- 
pheric air,  its  flame  is  smokeless  and  of  the  utmost  brilliancy  and  white- 
ness. The  experiments  that  have  been  made  by  the  Electric  Gas  Company 
have  satisfactorily  demonstrated  that  one  short  ton  of  calcium  carbide  will 
produce,  by  merely  mixing  it  with  water,  about  10,500  cubic  feet  of  acetylene, 
which,  when  mixed  with  the  required  amount  of  air,  produces  a  gas  equal  in 
illuminating  value  to  100,000  cubic  feet  of  city  gas  of  22  to  25  candle-power, 
per  5-foot  standard  burner.     If  to  the  estimated  cost  already  given  for  the 
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calcium  carbide  there  be  added,  say,  ^15  per  ton  for  freight,  incidentals 
and  profit,  the  material  for  producing  such  a  gas  could  be  obtained  at 
nearly  all  points  for  30  cents  per  1,000  cubic  feet,  ready  for  burning,  and 
the  convenience  with  which  the  calcium  carbide  can  be  packed  and 
freighted,  combined  with  the  easy  preparation  of  the  gas  itself  in  great  or 
small  quantities,  at  any  time,  should  enable  it,  if  not  to  be  adopted  for  the 
common  supply  of  large  cities,  to  supply  the  requirements  of  country  hotels 
and  dwelling-houses  and  of  railway  cars. 


Franklin    Institute. 


[Proceedings  of  the  stated  meeting,  held  Wednesday,  December  ig,  iSg^.'] 

Hall  of  the  Franklin  Institute, 
Philadelphia,  December  19,  1894. 

Joseph  M.  Wilson,  President,  in  the  chair. 

Present,  sixty-two  members  and  five  visitors. 
Additions  to  membership  since  last  report,  eleven. 
The  following  nominations  were  made,  viz.: 

For  President  (to  serve  one  year), 

"     Vice-President  (     "      three  years), 

"    Secretary  (     "  one  year), 

"     Treasurer  (     "  "       "    ), 

"    Auditor  (     "     three  years), 

For  Managers  (to   serve  three  years). 

Retiring  Members.  New  Nominees. 

John  E.  Codman,  Wm.  F.  Biddle, 

George  V.  Cresson,  Charles  H.  Cramp. 

Edwin  J.  Houston,  Alfred  C.  Harrison, 

Enoch  Lewis,  Edward  Longstreth, 

John  Lucas,  Samuel  H.  Needles, 

Samuel  P.  Sadtler,  Lawrence  T.  Paul, 

Wm.  H.  Thorne,  Charles  Louis  Prince, 

John  C.  Trautwine,  Jr.,  Percival  Roberts. 

For  the  Committee  on  Science  and  the  Arts  (to  serve  three  years). 


Joseph  M.  Wilson. 
Edwin  J.  Houston. 
Wm.  H.  Wahl. 
Samuel  Sartain. 
Francis  LeClerc. 


Retiring  Members. 


C.  O.  C.  Billberg, 
L.  L.  Cheney, 
James  Christie, 
Arthur  L.  Church, 

D.  E.  Crosby, 
J.  M.  Emanuel, 
John  L  Gill,  Jr., 


Sam'l  R.  Marshall, 
Wm.  McDevitt, 
c.  e.  ronaldson, 
l.  f.  rondinella, 
Samuel  Sartain, 
T.  Carpenter  Smith, 


New  Nominees. 

Lewis  M.  Haupt, 
Stacy  Reeves. 


J.  Logan  Fitts, 

The  Actuary  transmitted  the  accompanying  report  and  recommendations 
of  the  Committee  on  Sections,  which  had  been  approved  by  the  Board  of  Man- 
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agers,  at   the  stated   meetrng  of  the  Hoard,  held  Wednesday,  November  14, 

1894: 

Hai.l  of  the  Franklin  Institute, 

Phii.adei  I'HIA,  Pa.,  November  14,  1894. 

The  Committee  on  Sections,  directed  by  resolution  of  the  Board  of  Managers  to 
consider  the  expediency  of  subdividing  the  membership  of  the  Institute  into  sections, 
has  given  the  subject  its  careful  attention,  and  reports  as  follows  : 

The  committee,  at  the  outset,  is  impressed  with  the  fact  that,  of  the  nearly  two 
thousand  persons  comprising  the  membership  of  the  Institute,  a  comparatively  small 
proportion  only  is  actively  interested  in  its  work.  The  principal  reason  for  this  circum- 
stance, the  committee  believes,  is  to  be  sought  in  the  fact  that,  by  the  present  organi- 
zation of  the  Institute,  the  educational  and  scientific  work  is  left  largely  in  the  hands 
of  the  Secretary  and  the  Committee  on  Instruction. 

Chiefly  on  this  account,  members  now  have  neither  the  opportunity  nor  the  stimulus 
to  take  the  initiative  in  scientific  and  technical  work. 

The  subdivision  of  the  membership  into  departments  or  sections  representing  various 
branches  of  science  and  the  arts — each  section  having  control  of  its  own  domestic  affairs, 
but  all  subordinate  to  the  general  authority  of  the  Institute — would,  it  is  believed, 
affird  the  opportunity  needed  to  induce  the  general  body  of  the  membership  to  engage 
actively  in  the  cultivation  of  special  branches  cf  pure  and  applied  science;  and  this 
opportunity  being  afiiorded,  it  is  not  unreasonable  to  expect  that  the  needful  stimulus 
for  the  prosecution  of  active  work  would  come,  from  the  feeling  of  responsibility  and 
the  desire  to  make  a  creditable  record  with  which  each  of  these  departments  would  be 
permeated,  but  chiefly  from  the  individual  interest  of  members  which  would  grow 
with  the  development  of  the  work  of  each  department 

The  committee  foresees  the  difficulty  in  the  way  of  an  early  realization  of  such 
beneficent  results  The  most  serious  of  these  difficulties,  probably,  will  be  that  of  finding 
the  right  men  to  undertake  the  task  of  organizing  the  new  departments  from  time  to 
time,  and  of  directing  the  work  of  each  in  such  ways  as  to  create  the  interest  essential 
to  success. 

This  is  the  vital  point  of  the  new  project,  and  to  accomplish  the  results  aimed  at, 
the  committee  believes  it  will  be  most  important  to  proceed  with  deliberation,  and  to 
attempt  the  creation  of  new  departments  only  after  the  most  careful  weighing  of  the 
probabilities  of  success  or  failure. 

To  the  manifest  difficulty  of  inducing  the  present  memlers  to  adapt  themselves  to 
so  great  a  change  in  the  working  methods  of  the  Institute,  also,  there  must  be  added 
the  hindrance  oppr  sed  by  the  present  uninviting  quarters  in  which  we  are  housed  and 
the  lack  of  many  desirable  facilities. 

After  giving  dUe  consideration  to  the  subject  in  all  its  aspects,  however,  the  com- 
mittee believes  that  the  broadening  of  the  field  of  usefulness  of  the  Institute  that  would 
follow  from  the  successful  realization  of  a  project  of  this  kind,  presents  the  prospect  of 
such  incontestable  advantages,  that  a  proper  effort  to  carry  ;t  into  execution  should  be 
made.  Even  should  it  prcve  a  failure,  the  Institute  would  still  be  in  its  present  posi- 
tion as  to  its  scientific  organization,  and  would  consequently  lose  nothing  in  making  the 
experiment. 

The  committee,  in  conclusion,  submits  the  following  recommendations: 

"Thr.t  the  membership  of  the  Institute  be  subdivided  into  sections  (substantially 
after  the  pattern  of  the  sections  now  in  existence),  which  sections  shall  be  organized 
from  lime  to  time,  as,  in  the  discretion  of  the  Board  of  Managers,  may  be  found 
expedient ; 
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••  That  the  expenses  of  the  sections  now  in  existence,  or  which  may  hereafter  he 
organi/cd,be  assumetl  by  the  Institute  and  provided  for  in  the  usual  manner  by  annual 
appropriations;   and, 

"That  this  committee,  or  a  special  committee  appointed  for  the  jiurpose,  be  author- 
ized to  prepare  the  needful  amendments  to  the  By  laws  of  the  Institute  to  carry  the 
foregoing  propositions  into  efHect." 

At  a  special  meeting  of  the  Committee  on  Sections,  held  Wednesday,  the  I4ih 
inst.,  at  which  were  present  Messrs.  Jayne,  Pemberion,  1  home  and  the  Secretary,  the 
foregoing  report  was  adopted  and  ordered  to  be  transmitted  to  the  Board  of  Managers. 

[signed]  H.  W.  Jayne,  Chairman. 

Reported  to  the  Board  of  Managers  and  approved  Wednesday,  November  14,  1894. 

[su;neu]  H.  L.  Heyl,  Actuary. 

In  accordance  with  the  foregoing  action  of  the  Board  of  Managers,  the 
following  substitute  for  Article  XI,  of  the  By-laws,  relating  to  the  "  Organiza- 
tion and  Government  of  Sections,"  is  recommended  by  the  Board  for  adop- 
tion by  the  Institute  as  an  amendment  to  the  By-laws,  with  the  object  of 
promoting  the  growth  and  utility  of  the  Sections: 

ARTICLE  XI. 

ORGANIZATION    AND   GOVERNMENT   OF   SECTIONS. 

Section  i.  For  the  promotion  and  encouragement  of  manufactures  and  the 
mechanic  arts,  as  well  as  of  the  sciences  connected  with  them,  members  of  the  Frank- 
Im  Institute  may  form  sections  and  hold  meetings  in  the  Hall,  or  such  other  rooms  as 
may  be  provided  for  them  by  the  Board  of  Managers.  These  sections  shall  be  consti- 
tuted as  hereinafter  provided,  and  shall  have  precedence  in  the  order  of  their  formation. 

Sec.  2.     Any  number  of  members,  not  less  than  twelve,  may  constitute  a  section. 

Sec  3.  Members  desiring  to  form  a  section  shall  make  written  application  to  that 
effect  to  the  Committee  on  Sectional  Arrangements,  which  committee  shall  report  such 
applications,  from  time  to  time,  to  the  Board  of  Managers  at  one  of  its  stated  meetings, 
with  such  recommendation  as  the  committee  may  deem  it  expedient  to  make  in  each 
case. 

An  application  for  the  formation  of  a  section  shall  be  made  in  the  following  form  : 

"The  undersigned,  members  of  the  Franklin  Ins:itute,  request  that  they  may  De 
constituted  the  Section  of  the  Franklin  Institute." 

This  application,  when  submitted  by  the  Commi  tee  on  Sectional  Arrangemerts, 
shall  be  considered  by  the  Board  of  Managers,  and,  if  approved  by  the  Board,  the 
section  shall  be  establi^hed  and  the  names  of  the  petitioners  shall  be  recorded  on  the 
minutes  as  the  founders  of  that  section,  and  shall  be  reported  by  the  Boara  of  Man- 
agers to  the  Institute  at  its  next  meeting.  Whenever  the  petitioners  have  organized, 
they  shall  report  such  organization,  with  the  names  of  their  officers,  to  the  Committee 
on  Sectional  Arrangements.  But  if  they  shall  fail  to  o'-ganize  such  section  within  six 
months  after  the  date  of  said  approval,  or  if  an  established  section  shall  fail  fo  make  a 
report  of  its  proceedings  to  the  Committee  during  any  period  of  twelve  months,  it 
shall  be  the  duty  of  the  Committee  on  Sectional  Arrangements  to  inform  the  Board 
of  Managers,  which  may  thereupon  declare  that  such  section  is  extinct. 

Sec  4.  All  members  of  the  Institute  shall  have  the  privilege  of  enrolling 
then  selves,  without  payment  of  additional  fees,  as  members  of  any  of  the  sections 
which  are  now,  or  which  may  hereafter  be,  established  in  conlormity  with  these  By- 
laws, and  such  enrollments  shall  be  reported  from  month  to  month  to  the  secretaries 
of  the  sections  designated;  but  no  person  shall  be  entitled  to  any  of  the  piivileges  of 
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any  of  the  sections  who  has  not  complied  with  the  conditions  of  Section  3  of  Article 
III  of  these  By-laws. 

Sec.  5.  Each  section  shall  submit  to  the  Committee  on  Sectional  Arrangements 
prior  to  the  stated  meeting  of  the  Hoard  of  Managers  in  December  of  each  year,  an 
estimate  of  moneys  it  will  require  for  the  ensuing  year,  and  such  estimate  the  Com- 
mittee on  Sectional  Arrangements  shall  transmit,  with  its  recommendation,  to  the 
Board  at  its  slated  meeting  in  December. 

Sec.  6.  Each  section  shall  elect  its  own  officers  and  make  its  own  by-laws,  not 
inconsistent  with  the  Charter  and  By-Lws  of  the  Franklin  Institute.  7  he  Institute 
shall  not  be  responsible  for  bills  contracted  by  any  section  except  in  conformity  with 
the  conditions  prescribed  in  Section  4,  of  Article  XII,  of  the  By-laws  relating  to  com- 
mittees, nor  in  any  event  for  a  sum  greater  in  any  one  year  than  the  amount  appro- 
priated by  the  Board  of  Managers  for  the  service  of  the  section  for  that  year. 

Sec.  7.  All  requisitions  for  supplies  shall  be  made  by  order  upon  the  Actuary  of 
the  Institute. 

Sec.  8.  The  books,  papers,  apparatus,  specimens,  models,  and  all  other  collections 
of  each  section  shall  be  the  properly  of  the  Institute,  held  for  the  use  of  that  section. 
Donations  of  objects  or  books  to  or  for  any  section,  shall  be  received  and  reported  to 
the  Committee  on  Sectional  Arrangements,  and  by  this  committee  to  the  Board  of  Man- 
agers, as  donations  10  the  Institute  for  the  use  of  that  section. 

Sec.  9.  At  the  first  meeting  of  each  section  it  shall  determine,  subject  to  the  ap- 
proval of  the  Board  of  Managers,  the  times  of  its  stated  meetings. 

Sec.  10.  Papers  read  and  lectures  delivered  before  any  section  and  approved  by 
the  same,  shall  be  referred  to  the  Committee  on  Publications  of  the  Institute,  and,  if 
accepted  by  them,  shall  be  published  in  the  Jottrnal  of  the  Institute. 

Sec.  II.  Societies  now  existing,  or  which  may  hereafter  be  founded,  for  the  con- 
sideration of  any  subjects  clearly  within  the  scope  of  the  Franklin  Institute,  and  which 
societies  may  desire  to  unite  with  the  Franklin  Institute  as  sections,  shall  furnish  a  list 
of  such  of  their  members  as  have  declared  their  willingness  to  become  members  of  the 
Institute,  to  the  Committee  on  Sectional  Arrangements,  which  committee  shall  transmit 
the  same,  with  its  recommendation,  to  the  Board  of  Managers. 

Sec,  12.  On  all  points  not  herein  provided  for,  each  section  shall  be  governed  by 
the  Charter,  By-laws  and  usages  of  the  Institute. 

On  Mr.  Heyl's  motion,  the  amendment  was  ordered  to  publication. 

Mr.  John  H.  Cooper  read  an  historical  sketch  of  the  evolution  of  the  tan- 
gential water-wheel,  illustrating  his  remarks  with  a  specimen  of  the  Pelton 
water  motor  and  with  a  number  of  lantern  slides.    (Referred  for  publication.) 

Mr.  Snedeker  exhibited  and  described  a  new  form  of  typewriting  machine, 
called  the  "  Duplex  "  typewriter,  the  chief  peculiarity  of  which  lies  in  the 
employment  of  a  double  bank  of  keys,  by  which  it  is  made  possible  to  strike 
and  print  two  letters  or  symbols  simultaneously,  one  with  each  hand. 

Mr.  W.  N.  Jennings  exhibited  a  number  of  characteristic  photographs  of 
the  Penn  statue,  recently  completed  in  aluminum-bronze  by  the  Tacony  Iron 
and  Metal  Company,  from  the  design  of  Mr.  Alexander  Calder.  The  statue 
is  now  in  its  appointed  place,  on  the  dome  of  the  City  Hall. 

The  Secretary  presented  his  monthly  report.  Among  the  novelties  shown 
was  an  engraved  portrait  on  silver,  executed  by  Mr.  Leslie  S.  Marshall,  of 
Boston.     Adjourned. 

Wm.  H.Wahl,  Secretary, 
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MECHANISM  of  the  POCKET  WATCH.^ 


By  H.  E.  Duncan. 


The  lecturer  was  introduced  by  Dr.  Coleman  Sellers, 
Professor  of  Mechanics,  and  spoke  as  follows : 

Ladies  and  Gentlemen  : 

Of  the  several  branches  of  fine  mechanics,  that  of  horol- 
ogy has  ever  been  one  of  the  most  fascinating.  Like  most 
of  the  useful  arts,  its  early  history  is  wrapped  in  more  or  less 
of  mystery.  Early  writers  mention  the  fact  of  the  existence, 
in  their  times,  of  mechanical  devices  for  the  purpose  of  meas- 
uring time,  but  usually  leave  the  reader  in  doubt  as  to  the 
mechanical  design  or  plan  upon  which  they  were  constructed. 
Writers  as  early  as  the  eleventh  century  make  such  mention. 
The  earliest  productions,  in  all  branches  of  horology,  were 
very  crude,  and  their  mechanical  construction  such  as  would 
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be  expected  where  the  workman  entered  an  unexplored 
field  in  which  he  was  so  sadly  handicapped  by  lack  of  suit- 
able tools  and  of  the  knowledge  necessary  to  make  them. 

Watchmaking,  so-called,  or  the  construction  of  a  porta- 
ble time-piece  of  such  size  as  to  be  readily  carried  upon  the 
person,  must  have  severely  taxed  the  mechanical  abilities 
and  the  patience  of  the  artisan  ;  but,  as  I  have  mentioned, 
there  is  a  certain  fascination  to  one  mechanically  inclined, 
who  enters  this  branch  of  fine  mechanics.  I  imagine  these 
pioneers  in  watchmaking  caught  this  fever,  and  that  they 
could  not  stop,  if  they  would,  until  death  relieved  them 
from  its  fascination. 

This  I  call  the  Infant  Age  of  watchmaking.  I  am  of  the 
opinion  that  there  is  not  at  present  in  existence  a  watch  of 
this  age. 

It  is  not  the  purpose  of  this  paper  to  deal  with  the  watch 
historically,  beyond  presenting  what  is  necessary  to  convey 
to  you  an  idea  of  the  particular  basis  upon  which  the 
American  system  of  watch  manufacture  was  established. 
With  regard  to  these  earlier  watches,  I  will  only  remark 
that  they  had  but  one  hand,  and  that  they  served  only  to 
mark  the  hours  in  a  very  indifferent  manner.  The  next 
period  of  advance  worthy  of  note  is  one  that  I  call  the  Age 
of  Handicraft.  This  period  is  marked  as  one  in  which  the 
workman  showed  great  progress  in  the  mechanical  execution 
of  his  work.  He  learned  to  execute  parts  in  a  very  delicate 
manner,  to  give  them  graceful  shapes,  and  to  polish,  in  a 
masterly  manner,  those  parts  made  of  steel — his  gain  in 
handicraft  enabling  him  to  make  movements  in  many  odd 
forms  and  sizes.  Artists  in  gold,  silver  and  enamel,  made 
and  decorated  cases  for  his  movements.  Most  beautiful 
specimens  of  these  cases  are  to  be  found  in  many  collec- 
tions of  the  present  time.  These  watches  were  most  artistic 
throughout,  in  appearance,  but  they  still  remained  of  but 
little  value  as  time-keepers. 

From  this  stage  the  improvement  in  time-keeping  quali- 
ties becomes  very  marked.  Large  bounties  were  offered  by 
Act  of  Parliament  for  portable  time-pieces  sufficiently 
accurate  to  ascertain  the  longitude  at  sea.     These  awards 
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were  not  for  elaborate  cases,  or  for  fancy  polish  of  mechan- 
ical parts,  but  for  actual  performance  as  time-keepers. 

This  period  was  one  in  which  the  watchmakers  made  a 
study  of  the  laws  of  physics,  and  made  practical  application 
of  them  in  the  construction  of  ships'  chronometers,  and 
with  such  good  results  that,  by  the  year  1769,  there  had  been 
paid  to  Harrison  the  sum  of  ;^i 0,500. 

It  was  but  a  step  to  reduce  the  size  of  this  time-piece  to 
a  convenient  pocket  size,  and  watchmaking  entered  its 
scientific  age.  At  first  glance  it  might  appear  that  with  a 
knowledge  of  the  scientific  laws  to  be  observed  in  the  con- 
struction of  watches,  and  with  workmen  sufficiently  skilled 
in  handicraft  to  execute  them,  watchmaking  had  reached 
its  final  stage  of  development.  If  the  product  of  hand  labor 
had  been  equal,  in  mechanical  accuracy,  to  that  of  machines, 
this  condition  would  have  been  reached,  but  such  was  not 
the  case.  Results  obtained  by  instruments  of  precision 
depend  almost  entirely  on  the  absolutely  uniform  operation 
of  automatic  mechanism ;  while,  notwithstanding  the 
highest  degree  of  manual  skill,  the  quality  of  the  final  pro- 
duct of  his  handicraft  will  still  be  affected  by  the  personal 
equation  of  the  workman. 

This  brings  us,  then,  to  the  next  great  event  in  watch- 
making ;  one  falling  within  the  present  century,  and  due 
wholly  to  American  mechanics  : 

THE    MECHANICAL    AGE    OF    WATCHMAKING. 

The  American  system  was  not  based  upon  new  scientific 
discoveries,  or  upon  any  radical  change  in  existing  models, 
but  it  revolutionized  the  method  of  manufacture. 

In  place  of  some  tool  or  fixture  guided  by  the  hand  of  a 
workman,  a  machine  was  constructed,  especially  adapted  to 
the  piece  to  be  made,  cams  and  levers  taking  the  place  of 
the  hand  and  eye  of  the  workman,  the  result  being  greater 
accuracy  in  the  finished  piece,  and,  consequently,  a  closer 
approach  to  perfection  in  the  watch  as  a  whole. 

For  many  years  American  watch  factories  had  machines 
for  making  but  few  models  of  watches,  but  to-day  the 
American  Waltham   Company  has  a  plant  in  which  it  can 
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produce   a   watch    of   any  design  or  size  of  model  that  the 
world's  market  may  demand. 

In  mechanical  accuracy,  time-keeping  qualities  and  price, 
it  cannot  be  equaled. 

The  pocket  watch  is  one  of  the  most  accurate  of  all  in- 
struments of  precision.  Briefly  defined,  it  is,  mechanically, 
a  spring  motor,  of  most  delicate  construction  of  parts,  con- 
trolled by  an  automatic  regulating  device  that  is  a  marvel 
of  precision.  It  is  designed  to  measure  accurately  and  re- 
cord the  hours,  minutes  and  seconds  of  the  mean  solar  day. 
A  watch,  keeping  time  to  a  minute  a  week,  varies  from  true 
precision  by  only  one  hundredth  of  one  per  cent.  The  act  of 
winding,  so-called,  is  that  of  storing  energy  in  a  spring.  By 
this  act  of  winding,  the  hand,  in  an  interval  of  about  fifteen 
seconds,  stores  up  energy  enough  to  keep  the  motor  in 
motion  and  to  supply  the  maximum  of  power  required,  for  a 
period  of  twenty-four  hours,  and  with  a  reserve,  in  the  modern 
watch,  of  about  sixteen  hours  ;  or,  in  other  words,  the  modern 
Waitham  watch  will  run  for  a  period  of  fort}^  hours  from 
the  energy  that  is  stored  in  it  by  the  hand  in  fifteen  seconds 
of  winding — 9,600  times  the  length  of  time  employed  in 
winding. 

The  storage  of  power  is  effected  by  means  of  a  ribbon  of 
steel,  of  a  width  and  thickness  proportioned  to  the  size  of 
the  watch,  and  contained  in  the  first  wheel,  called  in  techni- 
cal parlance  the  barrel,  which  is  in  the  form  of  a  cup.  The 
size  of  this  cup  is  governed  by  the  size  of  the  watch,  being 
of  nearly  one-half  the  diameter  of  the  frames  of  the  watch. 

This  spring,  in  its  natural  form,  is  of  the  shape  shown  on 
the  screen,  and  is  from  eighteen  to  twenty-five  inches  long. 
It  is  coiled  up  in  the  barrel,  with  its  outer  end  secured  by 
means  of  a  pierced  hole  fitting  over  a  suitable  hook  or  stud 
projecting  inward  from  the  barrel.  Its  inner  end  is  secured, 
by  a  similar  hook,  to  the  hub  of  a  wheel  called  the  first  or 
main  wheel.  By  the  act  of  winding,  this  spring  is  wrapped 
around  this  hub,  and  the  wheel  is  caused  to  revolve.  The 
tension  imparted  to  the  spring  in  winding  it  about  this 
arbor,  is  the  force  tending  to  drive  this  first  wheel  of  the 
watch.     The  moment  of  this  force  is  equal,  on  an  average 
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in  a  watch  of  "  gentleman's  vsize,"  to  that  of  a  pull  of  five 
ounces  troy  on  a  wheel  of  one  inch  radius.  The  action  of 
the  spring,  in  performing  its  duties  in  the  watch,  will  readily 
be  understood  by  observing  the  one  on  the  screen. 

To  show,  in  the  most  simple  manner,  the  hours,  minutes 
and  seconds  of  the  mean  solar  day  by  three  separate  hands 
or  pointers  would  require  three  wheels  or  gears,  with  such 
ratios  of  diameters  and  teeth,  that  one  wheel  would  make 
one  revolution  in  twelve  hours  ;  the  next,  twelve  revolutions 
in  this  time  ;  and  the  third,  720  revolutions.  But  this  simple 
plan  would  give  two  hands  going  in  one  direction  and  the 
third  hand  in  the  opposite  direction,  while  custom  demands 
that  the  hands  of  a  watch  shall  all  move  in  the  same 
direction.  To  correct  this  reverse  motion  of  the  third 
hand,  two  more  wheels  are  required,  and  their  use,  in  other 
respects  also,  is  beneficial  rather  than  otherwise. 

The  wheels  and  pinions,  or,  technically  speaking,  the 
train  of  a  watch,  is  a  system  of  gearing  driven  by  the  stored 
energy  in  the  main-spring.  These  wheels  and  pinions  are  so 
proportioned  to  one  another  in  respect  of  their  diameters 
and  numbers  of  teeth,  that  when  driven  at  the  proper  rate 
of  speed  they  will  serve  to  register  hours,  minutes  and  sec- 
onds by  means  of  hands  fixed  to  them. 

The  necessary  frames   to  hold  these  wheels  and  pinions 

are  called  plates — the  up- 
per and  the  lower  plate. 
The  train  of  wheels  would 
perform  the  work  required 
of  it  just  as  efficiently  if 
the  wheels  were  arranged 
with  their  axes  in  a  straight 
line,  and  for  the  present  I  will  use  this  arrangement  in  my 
explanations. 

This  arrangement  is  seen  in  Fig.  i.  At  the  left  we  have 
the  main-spring  in  its  barrel.  This  drives  a  steel  pinion, 
that  has  fixed  to  it  a  wheel  No.  2,  technicallv  known  as 
the  centre  wheel  and  pinion.  This  centre  wheel  and  pin- 
ion is  intended  to  revolve  once  in  an  hour.  It  is  the  wheel 
to  which    the  minute  hand  is  fixed.     It  serves  to  mark  the 
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fractions  of  an  hour  expressed  in  minutes.  In  turn,  this 
centre  wheel  drives  pinion  and  wheel  No.  3.  This  is  called 
the  third  wheel  and  pinion.  This  third  wheel,  in  turn,  drives 
pinion  and  wheel  No.  4.  This  fourth  wheel  revolves  once  a 
minute,  or  sixty  times  faster  than  the  centre  wheel.  It  is  to 
this  wheel  that  the  second  hand  is  fixed.  Returning"  to  the 
third  wheel,  I  will  explain  that  its  use  is  to  cause  the  fourth 
wheel  to  revolve  in  the  same  direction  as  the  centre  wheel,  so 
that  the  hands  will  move  in  the  same  direction.  It  is  also 
useful  in  allowing  the  distance  between  the  centre  and 
fourth  wheels,  to  be  varied.  Otherwise  the  distance  apart 
of  the  minute  and  second  hands  on  the  dial,  would  be  gov- 
erned by  the  size  of  the  centre  wheel  and  fourth  wheel 
pinion. 

You  will  note  that  there  is  one  more  wheel  and  pinion  in 
this  train  of  wheels,  namely,  the  last  one,  which  is  called  the 
escape  wheel  and  pinion,  but,  as  it  belongs  to  the  time-gov- 
erning part  of  the  watch,  called  collectively  the  escapement, 
I  will  speak  of  it  under  that  head. 

I  now  place  on  the  screen  the  train  wheels  of  a  Waltham 
watch,  with  the  main-spring  fully  wound.  When  the  brake 
is  removed,  all  begin  to  revolve  rapidly,  as  you  see,  and  they 
will  continue  to  do  so  until  all  the  stored-up  energy  of  the 
main-spring  is  exhausted.  The  watch  has  now  run  down, 
but  the  wheels  have  made  as  many  revolutions  as  they 
would  have  done  in  running  forty  hours  or  more.  Each  of 
the  wheels  has  traveled  at  its  proper  relative  speed;  that  is, 
the  fourth  wheel,  showing  seconds,  has  traveled  sixty 
times  as  fast  as  the  centre  wheel  (the  wheel  that  marks 
the  minutes),  but  it  has  not  served  to  measure  time,  because 
of  the  lack  of  any  contrivance  to  govern  or  regulate  the 
speed. 

This  controlling  or  regulating  device  is  called  the  escape- 
ment. 

The  detached  lever  escapement  was  invented  about  the 
year  1765  by  Thomas  Mudge,  a  famous  English  watch- 
maker. It  is  the  escapement  used  at  present  in  nearly  all 
good,  sound  pocket  watches.  It  can  be  said  for  it  that, 
when  made  with  ordinarv  care,  it  is  so  reliable  in  its  action 
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that   it    is   generally   selected    in    preference    to    all    other 
escapements  for  pocket  watches. 

The  action  of  this  escapement  is  to  bring  to  a  standstill 
every  wheel  in  the  train,  and,  after  a  brief  period  of  rest,  to 
allow  the  train  to  start  again,  only  to  be  as  quickly  stopped 
again,  and  so  on.  These  alternate  steps  of  progress  and 
halt  succeed  each  other  so  rapidly,  however,  that  probably 
very  few  persons  realize  that  the  motion  of  the  time 
train  is  always  intermittent,  and  not  uniformly  continuous. 
With  the  exception  of  the  escape  wheel,  the  teeth  of  all 
^j^  the  wheels   of   a  watch    are  formed  on  the 

J^y^'Hr^:^^     epicycloidal  curve,  so  as  to  mesh  into,  and 

^C J I     ^v,    give  motion  to,  the  several  pinions  with  the 

\l^^^i=^V     least  friction  or  loss  of  power.    The  teeth  of 
the  escape  wheel  are  for  a  different  purpose, 
and  they  act  in  an  entirely  different  manner. 
Fig.  2.  You  will  notice  by  Fig.  2  that  the  teeth 

are  not  in  radial  lines,  but  are  so  inclined  as  to  form  a  series 
of  hooks.  Also  notice  that  the  ends  of  the  teeth 
are  of  a  wedge  form.  The  angle  formed  by 
the  straight  sides  of  the  teeth  and  the  inclined 
top  is  called  the  locking  corner,  and  the  angle 
of  the  inclined  top  is  called  the  impulse  or  lift- 
FiG.  3.  ing  face.     Engaging  with  the  wheel  is  a  piece 

called  the  ''pallets  and  fork,"  and  of  the  form  shown  on  the 
screen  {Fig.  j).  The  pallets  are  shown  by  the  two  black 
projections  or  horns,  and  are  made  of  some  kind  of  precious 
stone,  such  as  sapphire,  ruby  or  garnet.  The  remaining  part 
is  of  steel,  and  serves  to  hold  these  pallet  stones  in  place. 
The  long  arm  with  divided  end  is,  from  its  shape,  called 
the  fork.  The  fork  and  pallets  are  mounted  on  an  arbor 
that  allows  them  to  swing  or  vibrate,  and  placed  so  close  to 
the  escape  wheel  that  one  or  the  other  of  these  pallet  stones 
is  sure  to  lock  into  a  tooth  of  the  wheel.  By  means  of  the 
accompanying  sketches  I  will  endeavor  to  explain  the  action 
of  the  escape  wheel  and  pallets. 

Fig.  ^  shows  the  escape  wheel  with  one  of  its  teeth  rest- 
ing against  the  left-hand,  or  so-called  receiving,  pallet  stone. 
It  is  now  in  the  position  called  "locked"  or  *'at  rest,"  and  it 
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will  remain  in  this  condition  until,  from  some  cause,  this 
pallet  is  moved  backward  sufficiently  to  permit  the  locking 
corner  of  the  tooth  to  pass  this  flat  face  of  the  pallet  stone. 
The  wedge-shaped  end  of  the  tooth  will  then  still  further 
lift,  or  move  the  pallet,  as  shown  in  Fig.  5,  and  it  will  con- 
tinue to  lift  the  pallet  until  the  wheel  is  free  to  pass  under 
it,  when  a  tooth,  in  advance  of  the  one  in  question,  will  be 
caught  by  its  locking-corner  on  the  face  of  the  other,  or  so- 
called  releasing,  pallet-stone,  as  shown  in  Fig.  6.  Here  it 
will  remain  until  the  pallet  is  withdrawn  sufficiently  to 
allow  the  tooth  to  pass  under,  when  the  former  action 
will  take  place  at  this  point,  and  the  wheel  will  again  be 


Fig.  4. 


Fig.  5. 


Fig.  6. 


brought  to  rest,  in  the  position  noted  in  Fig.  4..  Here  we 
have  the  rotation  of  the  escape-wheel  converted  into  vibrat- 
ing motion  at  the  pallets.  The  long  arm  serves  to  increase 
this  angular  movement,  and  it  is  the  medium  through 
which  this  vibrating  motion  is  communicated  to 
the  balance  through  what  is  called  a  roller  {Fig.  7). 
This  is  a  small  disk  with  a  pin  near  the  outer  edge, 
made,  as  the  pallet-stones  are,  from  some  precious 
mineral.  This  disk  is  shown,  with  its  pin,  at  the 
upper  part  of  Figs.  4,  5  and  6.  It  is  on  the  same  arbor  as 
the  balance  and  hair-spring,  and  it  moves  with  them  as  they 
vibrate. 


Fig.  7. 
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Imagine  the  roller  and  pin,  shown  in  Fig.  4,  to  be,  by 
some  cause,  rotated  slightly  to  the  right  and  toward  the  slot 
in  the  end  of  the  fork.  The  pin  would  then  enter  and  strike 
against  one  side  of  the  slot  in  the  end  of  the  fork,  and  move, 
together  with  the  pallets,  in  the  same  direction  until  the 
escape-wheel  tooth  was  unlocked,  when  the  lifting  end  of 
the  tooth,  passing  under  the  pallet  on  that  side,  would  con- 
tinue to  drive  the  fork  to  the  right.  This,  in  turn,  would 
assist  the  pin  in  the  same  direction,  as  shown  in  Fig.  5,  until 
it  passed  beyond  this  influence,  as  shown  in  Fig.  6.  Here 
the*' fork  and  pallets"  await  its  return  that  it  may  first 
and  then  give  impulse,  in  the  opposite  direction,  through 
unlock  this  roller  and  pin,  to  the  balance. 

This  act  of  unlocking,  that  it  may  receive  impulse,  is,  in 
the  case  of  clocks,  performed  by  the  pendulum,  acting  under 


Fig.  8. 


Fig.  9. 


the  laws  of  gravity;  while  in  portable  time-pieces,  the 
balance  takes  the  place  of  the  pendulum,  and  the  hair- 
spring that  of  the  force  of  gravity.  The  balance,  hair- 
spring and  roller  are  all  mounted  on  a  staff,  or  arbor,  Fig.  8, 
which  runs  on  very  delicate  pivots,  or  bearings,  not  much 
larger  than  an  ordinary  hair.  I  show  you  now,  on  the  screen, 
a  very  striking  camparative  illustration  of  the  size  of  these 
pivots,  namely,  a  photograph  of  the  largest  balance  pivot 
used  at  the  Waltham  factory,  and  the  eye  of  a  No.  10  sew- 
ing needle,  made  with  the  aid  of  a  microscope.  These  pivots 
run  in  jeweled  holes,  with  additional  jewels,  called  end 
stones,  at  their  ends. 

You  will  see  by  Fig.  9,  that  the  pivot  will  always  rest  on 
jewels,  in  whatever  position  the  watch  may   rest.     These 
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fine  jewels   shown  are   the   ones   usually  broken  in  ease  of 

aeeident  to  the  wateh.     The  balance  wheel  will  be  explained 

later.      It  is  placed  midway  of    the  staff;  and  above  it  is 

placed  the  hair-spring-,  a  very  delicate  spring  made  from  a 

flat  piece  of    steel  wire,   about  nine  inches 

long,  one-hundreth  of  an  inch  wide,  and  two 

and  one-half   thousandths  of  an  inch  thick, 

weighing   about  9,000   to   the    pound.    This 

spring  is  shown  in  Fig.  10.    It  is  coiled  in  the 

form  of  a  flat   spiral,  having  its   inner  end 

Fig.  10.  made  fast  to  a  little  split  collar,  known  as  the 

collet,  which  collar  is  forced  on  to  the  balance  staff  or  arbor. 

The  outer  end  of  the  hair-spring  is  pinned  firmly  to  a 

small  stud,  called  the  balance  cock,  which  is  held  rigidly  to 

some  part  of  the  frame  of  the  watch. 

The  relation  existing  between  balance  and  spring  will 
be  understood  with  the  assistance  of  the  model  thrown 
on  the  screen. 

Taking  hold  of  the  balance  and  moving  it  from  its  pres- 
ent place  of  rest,  say  one-half  turn  or  more,  the  spring  will 
be  put  in  a  state  of  stress,  and,  when  we  release  it,  this  con- 
dition of  the  spring  will  at  once  carry  it  back  to  its  normal 
position,  and  the  acquired  momentum  of  the  balance  will 
carry  it  far  beyond  that  point,  but,  in  so  doing,  it  will  put 
the  spring  in  a  state  of  stress,  in  a  direction  opposite  to 
that  in  which  we  strained  it  by  turning  the  balance  by 
hand. 

When  the  momentum  of  the  balance  ceases  to  exceed 
the  opposing  force  of  the  hair-spring,  the  revolution  of  the 
balance  in  that  direction  will  cease,  and  immediately  the 
hair-spring,  will  begin  to  act,  carrying  the  balance  back 
again ;  but,  as  in  the  former  case,  the  momentum  of  the 
balance  will  carry  it  beyond  the  point  of  rest,  and  so  the 
motion  will  be  repeated,  in  alternate  directions,  each  vibra- 
tion being  shorter  than  the  preceding  one,  until  the  balance 
finally  comes  to  a  stop.  It  is  this  action  of  the  balance 
and  spring  that  is  made  use  of  to  unlock  the  escape  wheel, 
as  the  balance  is  returning  from  its  excursion.  This  is  done 
by  the  action  of  the  roller  and   pin   that    move   with    the 
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bvilance  on  its  staff.  As  the  balance  returns  from  either 
direction,  Fig.  ^  or  6,  toward  the  point  of  rest,  /v>.  ■>",  the 
roller  pin  engages  with  the  slot  in  the  fork,  and  the 
momentum  of  the  balance  and  the  tension  of  the  spring, 
are  sufficient  to  unlock,  without  apparent  effort,  the  escape 
wheel.  The  instant  this  takes  place,  the  wheel,  by  reason 
of  the  form  of  its  tooth,  and  urged  by  the  power  of  the  main- 
spring, instantly  avails  itself  of  the  position  of  the  roller 
pin  in  the  fork,  and  gives  the  balance  a  push,  as  it  were,  in 
the  direction  of  its  motion.  This  push,  or  impulse,  is  suffi- 
cient to  make    up  for  all    loss,  due    to    friction  and  other 


Fig.  it. 


causes,  which,  but  for  this  impulse,  would,  in  a  short  time, 
bring  the  balance  to  a  state  of  rest. 

At  each  excursion  of  the  balance,  it  has  work  to  do  in 
unlocking  the  escape  wheel,  and  in  turn  it  receives  enough 
new  energy  to  keep  up  its  full  motion.  These  pulsations 
are  very  rapid,  five  each  second,  18,000  each  hour — almost 
too  rapid  for  the  eye  to  follow.  I  place  on  the  screen  a 
very  slow  moving  watch  that  you  may  better  study  its 
action.     *     ^     ^ 

For  simplicity,  I  have  illustrated  the  watch  with  its  train 
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and  escapement  arranged  in  a  straight  line,  but  this,  of 
course,  is  not  the  actual  arrangement  in  the  watch.  Here 
in  the  watch,  Fig.  i r,  the  wheels  of  the  train  are  arranged 
between  circular  frames,  with  the  centre  wheel,  as  its  name 
would  lead  us  to  imagine,  placed  in  the  centre  of  the  frame. 
By  arranging  the  hour  and  the  minute  hands  concentrically, 
one  series  of  graduations  upon  the  dial  is  made  to  serve 
for  both,  and  the  use  of  the  third  wheel  allows  a  little  leeway 
in  planting  the  position  of  the  second  hands,  when  the 
watch  is  designed,  relative  to  its  distance  from  the  other 
hands,  in  the  centre  of  the  watch.  Custom  demands  that  in 
a  watch  movement,  cased  in  a  hunting  case,  the  figure  III 
on  the  dial  shall  be  placed  at  the  pendant  and  bow,  or  ring, 
to  which  the  chain  is  attached,  while  in  the  open-face  watch 
the  pendant  must  be  at  the  figure  XII.  In  both  cases,  the 
second  hand  must  be  on  a  line  from  the  centre  of  the  dial 
to  the  figure  VI.  In  stem-winding  watches  this  requires 
two  models,  or  arrangements  of  train,  in  order  that  the 
winding  connections  in  the  movement  shall  be  in  line  with 
that  of  the  case. 

I  have  thus  far  illustrated  only  the  plan  of  the  watch, 
that  is,  a  view  such  as  would  be  obtained  by  looking  down 
upon  it.  I  now  show  another  view,  equally  important,  that 
is  properly  called  the  elevation.  This  permits  us  to  look 
between  the  frames,  and  to  see  the  position  of  the  parts, 
which  I  trust  you  will  recall  by  their  names,  as  well  as  their 
arrangement  when  viewed  from  above.  It  will  also  permit 
me  to  explain  the  arrangement  of  two  wheels  and  pinions, 
which  serve  to  cause  the  hour  hand  to  make  but  one  revo- 
lution around  the  dial,  while  the  minute  hand  is  making 
twelve. 

The  centre  wheel  has  one  of  its  arbors  long  enough  to 
reach  through  the  watch  frames  on  the  dial  side,  and  has, 
fitting  on  it,  friction-tight,  a  steel  pinion,  called  the  cannon 
pinion.  This  pinion  drives  a  wheel  in  a  recess  in  the  plate, 
a  wheel  usually  three  times  its  size  ;  and  a  pinion,  fixed  to 
this  wheel,  in  turn  drives  a  wheel  four  times  its  diameter, 
with  a  centre  in  the  form  of  a  tube  nearly  as  long  as  the 
cannon  pinion  and  fitting  freely  around  it.     This  arrange- 
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ment  of  sizes  causes  this  last  or  hour  wheel  to  move  twelve 

times  slower   than  the  cannon  pinion.     To  the  cannon  is 

fixed  a  minute  hand ;  to  the  hour  wheel,  the  hour  hand.    The 

spring  friction  of  the  cannon  pinion,  in   the   arbor  of  the 

centre  wheel,  permits  this  set  of  wheels  to  slip,  thus  avoid. 

ing  injury  to  the  train  or  escapement  in  setting  the  watch. 
■X-      *      -x- 

I  will  return  for  a  moment  to  the  balance  and  hair- 
spring, which  I  called  the  automatic  governor  of  this  spring 
motor. 

Without  touching  upon  the  constantly  occurring  and 
often  violent  and  sudden  changes  in  the  position  of  the 
watch,  I  will  consider  the  effects  of  temperature,  which  is 
constantly  varying,  and  often  quickly  and  between  wide 
limits.  The  structure  of  the  hair-spring  of  the  watch,  pre- 
senting, as  it  does,  so  much  surface,  in  proportion  to  its 
total  mairs,  is  such  as  to  render  it  particularly  sensitive  to 
thermic  influences.  It  is  a  well-known  law  of  nature  that 
all  metals  expand  under  the  influence  of  heat,  and  that 
springs  lose  something  of  their  elasticity  with  a  rise  in 
temperature. 

Applying  these  laws,  it  is  found  that  heat  causes  the  bal- 
ance to  increase  in  diameter,  and  the  hair-spring  to  lose 
some  of  its  elasticity.  From  these  two  causes  the  watch 
loses  time  by  a  rise  in  temperature,  while  the  opposite  effect 
will  be  produced  by  a  fall  in  temperature.  The  eft'ect  of 
temperature  on  balance  and  spring  is  corrected  by  what  is 
called  the  compensating  balance,  invented  about  the  year 
1782.  This  is  so  constructed  that  the  same  heat  which 
weakens  the  elastic  force  of  the  hair  spring,  serves  at  the 
same  time  to  reduce  the  diameter  of  the  balance,  so  as  to 
exactly  adapt  it  to  the  force  which  the  weakened  spring  is 
capable  of  exerting.  This  automatic  compensation  is 
obtained  by  constructing  the  balance  rim  of  two  metals, 
having  widely  differing  ratios  of  expansion.  In  the  ordi- 
nary watch,  the  two  metals  employed  are  brass  and  steel. 
The  inner  portion  of  the  rim  being  of  steel,  with  an  encir- 
cling band  of  brass,  and  the  two  metals  being  firmly  united 
by  fusion,  the  action  of  this  form  of  a  balance  will  readily 
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be  understood  by  a  few  words  of  explanation  in  connection 
with  the  diagrams  on  the  screen. 

F(<^^.  12  represents  two  strips  of  metal,  brass  and  steel,  of 
_.^^^_^  _^__^_^^^  equal  lengrth  at  nor- 

^^_^^^_^_^  ^^^^^^^^,^,^^^^^^^^^^^^^^^^,^^^^^^^^^^^^ ^al    temperature. 

SRA55.  vmmm^^m  Wmmmmmmm^IZll   under  the  influence 

of  heat,  or  of  cold, 
these  strips  will  expand,  or  contract,  in  about  the  ratio  indi- 
cated   by    the   dotted  5^^.^^ 

lines.  Now,  if  the  brass  «"^"      xmmmmmmmm^^, 

were  firmly  united  to  F^g-  13- 

the  steel,  as  in  Fig.  ij,  and  if  their  respective  thicknesses 

were    in    the    ratio    of 

BRASS.'  ^^^^^^^^^^^^^■^^''^  steel— then     the    brass 

^^^'  ^^-  would    not   be   free    to 

expand,  or  contract,  being  held  by  its  union  with  the  less 

expansive  steel,  and  the 

result    would     be     that,  ^^^^^^ 

when    heated,    the    bar  ^ 

.       r-.  Fig.  15. 

would  curve,  as  in    Fig. 

/^,  while,  when  cooled,  it  would  curve  in  the  opposite  direc- 
tion, as  shown  in  Fig.  75. 

The  next  two  figures  will  show  how  this  law  of  expan- 
sion is  utilized  in  the  construction  of  compensating  bal- 
ances. 


Fig.  16.  Fig.  17. 

The  first  of  these.  Fig.  16,  shows  the  balance  with  its 
rim  of  brass  and  steel,  at  normal  temperature ;  the  next. 
Fig.  17,  vShows  the  form  it  assumes  when  heated.     You  will 
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observe  that  the  rim  of  the  balance  has  been  severed  at  two 
opposite  points  and  near  the  arms,  leaving  the  cut  ends  free 
to  move  out  or  in,  by  changes  of  temperature.  In  the  next 
drawing,  Fig.  iS,  you  will  notice  that  the  balance  has  re- 
ceived an  addition  in  the  shape  of  screws  with  large  heads. 
These  have  a  double  use.  First :  to  give  the  balance  the 
exact  weight  desired,  so  that,  in  conjunction  with  a  proper 
hair  spring,  it  shall  make  the  exact  number  of  vibrations 
required  per  hour,  which  in  most  modern  watches  is  18,000. 
In  making  this  number  of  vibrations,  the  rim  of  an  ordi- 
nary balance  will  travel  3,479  feet,  or  nearly  eighteen  miles 
per  dav.  Xow,  if  for  any  reason  the  balance  were  to  omit 
only  ten  of  these  vibrations  in  an  hour,  the   w^atch   would 


Fig.  19. 

have  lost  two  seconds  of  time,  or  forty-eight  seconds  per 
day,  over  three-fourths  of  a  minute.  The  addition  of  one 
of  these  little  screws  to  each  side  of  the  balance,  will 
reduce  the  number  of  its  vibrations,  amounting,  in  some 
conditions,  to  as  much  as  ninety-eight  seconds  per  hour,  or 
thirty-nine  minutes  per  day. 

I  will  now  make  plain  to  you  the  second  use  of  these  lit- 
tle screws.  In  this  view  we  have  the  screws  numbered,  Fig^ 
/p,  and  you  will  obser^-e  that  between  the  screws  are  holes, 
which  are  adapted  to  receive  screws,  and  these  holes  are 
also  numbered.  A  careful  and  accurate  trial  might  show 
that  at  a  normal  temperature  (about  70°  Fah.),  this  balance 
would  have  the  proper  size  to  give  its  required   number  of 
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vibrations,  but  by  subjecting-  the  watch  to  an  increase  of 
twenty-five  degrees  in  temperature,  it  might  be  found  to 
lose  as  much  as  seven  seconds  per  hour,  or  thirty-five  vibra- 
tions. This  fact  will  indicate  that  when  in  heat  the  balance 
is  too  large  ;  or,  more  properly  stated,  the  effective  weight 
is  not  properly  located,  being  too  far  from  the  axis.  In  this 
case  we  would  move  screw  No.  3  to  position  marked  No.  1 1, 
thus  giving  an  added  weight  to  that  part  of  the  rim  where 
the  effect  of  the  heat  would  cause  it  to  curl  in  toward  the 
axis  and  thus  allow  more  rapid  vibrations. 

Manipulations  of  this  sort  are  always  required  in  adjust- 
ing watches  to  temperature. 

I  now  show  on  the  screen  the  motion  of  a  watch  balance 
in  heat,  that  you  may  note  this  action.     *     *     -^     *     ^<-     ^ 

As  early  as  the  year  1837,  European  horologists  endeav- 
ored to  account  for  unexpected  changes  of  rate  in  ship  chro- 
nometers on  the  theory  that  their  balances  were  influenced 
by  magnetism    due  to  the    magnetic  polarity  of   the  earth. 

Experimental  balances  were  made  of  many  non-magnetic 
metals  that  would  not  be  influenced  by  such  lines  of  force. 
By  these  experiments  it  was  proved  that  the  earth's  mag- 
netism was  not  the  prime  cause  of  that  error  of  rate  which 
it  was  sought  to  remove. 

At  the  present  time  the  magnetization  of  pocket  watches 
by  induction  from  the  many  sources  of  electric  current  now 
so  commonly  in  use,  makes  the  question  of  furnishing  a 
non-magnetizable  watch  one  of  the  prominent  problems 
of  modern    watch  manufacture. 

A  pocket  watch  will  show  but  little  if  any  change  of 
rate  that  can  be  traced  directly  to  the  influence  of  magnet- 
ism due  to  the  earth's  polarity,  but  by  placing  the  watch 
within  the  influence  of  an  intense  artificial  magnetic  field  its 
rate  will  be  seriously  affected.  Magnetic  fields, of  an  intensity 
sufficient  to  stop  the  watch, are  to  be  found  on  every  hand,  and 
if  the  wearer  knowingly  or  otherwise,  ventures  into  the  lines 
of  force,  the  watch  will  instantly  adapt  itself  to  the  well- 
known  laws  of  magnetic  induction. 

There  are  two  well  known  laws  of  magnetism  that  apply 
to  watches. 
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The  first  is  tliat  any  so-called  mag-netic  metal,  placed  in 
the  field  of  a  magnet,  will  itself  become  a  mag"net,  and  will 
retain  this  magnetism  in  a  more  or  less  marked  degree 
when  removed  from  the  field.  vSteel  is  an  excellent  example 
of  such  metals. 

The  second  law  is  that  similar  magnetic  poles  repel,  and 
dissimilar  poles  attract,  each  other. 

By  applying  these  laws  we  arrive  at  a  full  understand- 
ing of  the  effect  of  magnetism  on  a  pocket  watch  of  the 
usual  construction,  and  an  explanation  of  its  loss  of  value 
as  a  timekeeper. 

A  watch,  in  the  field  of  a  magnet  strong  enough  to 
stop  it,  will  usually,  when  removed,  at  once  commence  run- 
ning again,  but  its  time-keeping  qualities  will  have  been 
ruined.  It  is  true  that  it  can  be  de-magnetized,  but  this, 
while  a  relief,  is  no  permanent  cure,  and  the  watch  will 
again  become  magnetized  upon  similar  expostire. 

On  the  screen  we  have  the  shadow  of  a  magnetized  piece 
of  steel  called  a  magnetic  needle. 

You  will  note  that  when  the  horse-shoe  magnet  approaches 
the  needle,  the  latter  assumes  a  condition  of  sympathy 
with  the  magnet's  polarity,  but  when  we  reverse  the  mag- 
net, the  needle  at  once  reverses  its  position  so  as  to  conform 
to  the  previous  conditions  of  attraction  and  repulsion  of 
magnetic  poles. 

The  horse-shoe  magnet  is  the  stronger  of  the  two,  and 
the  needle,  being  free  to  revolve,  responds  to  its  polarity. 
If  the  needle  were  not  free  to  move,  the  horse-shoe  magnet 
would  reverse  the  magnetism  of  the  needle.     *     ^     ^ 

It  is  safe  to  say  that  in  the  majority  of  cases,  when 
watches  have  been  found  to  be  magnetized,  it  has  happened 
at  some  time  unknown  to  the  wearer,  who  has  wandered 
into  the  field  of  a  powerful  motor  or  dynamo.  When  a 
watch  stops  in  a  magnetic  field,  it  is  because  the  magnetism 
is  strong  enough  to  hold  the  balance. 

A  magnetized  watch  has  a  very  irregular  rate.  A  marked 
gain  or  loss  of  time  will  usually  be  followed  by  the  oppo- 
site condition,  these  alterations  varying  in  quantity  at 
different  hours  of  the  day.  The  more  marked  the  polarity 
Vol.  CXXXIX.  7 
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of  the  watch,  the  greater  will  this  variation  become.  In 
the  pocket  watch,  we  have  in  particular  two  pieces  of  steel 
that  absorb  and  retain  magnetism,  when  brought  into  the 
field  of  a  magnet.  I  allude  to  the  main  spring  and  the  bal- 
ance (see  Fig.  g).  The  former,  owing  to  its  mass  and  hard- 
ness, is  the  greater  quantity.  The  spring,  as  you  will 
recall,  is  a  long  ribbon  of  steel,  in  a  cup  or  barrel,  which, 
when  fully  wound,  is  in  a  small  coil,  in  the  centre  of  the 
barrel,  wrapped  around  the  arbor,  and,  when  run-down,  is 
in  much  larger  coils,  which  have  expanded  until  they  have 
filled  the  barrel.  We  have  here,  at  the  extremes  of  fully- 
wound  and  run-down,  two  laminated  rings  of  magnetized 
steel  that  show  polarity,  but  the  direction  of  this  polarity 
changes  as  the  spring  passes  from  the  condition  of  fully- 
wound  to  that  of  run-down. 

Here  we  have  a  magnet  that  changes  its  polarity  through 
the  whole  period  during  which  the  spring  is  passing 
through  its  changes  in  driving  the  watch.  The  other  par- 
ticularly important  part  of  the  watch  in  the  study  of  the 
problem,  is  the  balance.  You  will  recall  that  its  arms  and 
part  of  its  rim  are  of  steel.  They  consequently  become 
polarized,  but  this  polarity,  unlike  that  of  the  main-spring, 
remains  a  constant  factor.  In  the  case  of  the  coiled  main- 
spring, its  polarity  appears  to  take  nothing  from  the  stored- 
up  energy  of  the  spring,  but  in  the  balance  we  have  a 
different  condition.  We  have  done  all  that  could  be  done 
to  remove  friction,  or  to  make  it  constant,  and  to  eliminate 
the  factor  of  change  of  rate  by  changes  of  temperature, 
only  to  meet,  in  our  polarized  balance,  a  new  factor,  due 
to  one  of  the  laws  of  magnetism  that  I  have  stated.  Its 
poles  will  be  attracted,  or  repelled,  by  other  polarized  bodies 
near  it.  When  the  balance  is  in  place  in  the  watch  and  free 
from  any  influence  of  the  train,  its  spring  should  return  to 
the  same  place  of  rest  or  quiescent  point.  This  place  of 
rest  is  one  in  which  its  spring  is  free  from  tension ;  but  the 
moment  the  balance  becomes  polarized,  it  immediately 
tries  to  place  itself  in  sympathy  with  this  new  condition, 
and  disregards  the  previous  relations  with  its  spring  in 
regard  to  the  place  of  rest.     There  is  at  once  established  in 
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the  spring  a  state  of  stress  to  oppose  this.  The  spring  is  no 
longer  natural  in  its  action.  Were  all  these  disturbing 
elements  constant  factors,  the  result  would  be  a  constant 
error  {Fig.  20). 

But  this  is  not  the  case.  The  polarized  main-spring  is 
constantly  revolving  and  presenting  its  ever-changing 
magnetic  poles  to  those  of  the  balance.  At  times  these  are 
in  sympathy  with  itr.  own  polarity;  again  they  are  exactly 
opposite.  In  one  case  the  balance  will  make  its  excursions 
too  quickly,  in  the  other  not  quickly  enough. 


Fig.  20. 

In  one  case  the  watch  gains,  in  the  other  it  loses.  I  have 
on  the  screen  a  magnetized  balance  and  spring  in  the 
position  they  occupy  when  in  the  watch.  A  test  by  a  small 
compass  needle  shows  them  to  be  polarized.  Vibrate  the 
balance  and  it  returns  to  its  former  place,  which  is  in  sym- 
pathy with  the  polarity  of  the  steel  spring  'in  the  barrel. 
We  revolve  the  barrel  a  little  and  the  polarity  changes  and 
the  position  of  the  balance  responds  to  the  change  of  polar- 
ity presented  by  the  barrel.     *     ^     ^ 

The  hair-spring  comes  under  these  laws,  but,  being  less 
in  mass  than  the  balance,  its  polarity  is  not  so  important  a 
factor. 
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But  the  slide  on  the  screen  shows  a  balance  of  non- 
mag^netic  metals  with  the  usual  steel  hair-spring,  and  you 
will  see  it  is  a  little  influenced  by  the  polarity  of  the  main 
spring. 

I  have  on  the  screen  two 
watch  hair-springs  {Fig.  21) ;  one 
of  non-magnetic  metal,  the  other 
of  the  usual  metal,  steel.  The 
magnet  serves  to  distinguish 
them.  ■5<-  *  * 

A  non-magnetic  watch  is  one 
^^^'  2^-  in  which  all  the  governing  parts 

are  of  non-magnetic  metal.     Magnetism  will  not  affect  the 
time-keeping  qualities  of  such  watches.     *     -^     ^ 

I  show  you  finally  on  the  screen  the  action  of  the  mag- 
net on  two  watches,  one  of  the  usual  construction,  the  other 
with  all  its  governing  parts  of  metal  such  as  is  used  in  the 
Waltham  non-magnetic  watch.     -^     *     -^ 


The  animal  as  a  PRIME  MOVER. 


By  R.  H.  Thurston, 


PART    II.      ENERGY    SUPPLIED  ;     POWER    AND    EFFICIENCY  ;    IN- 
TERNAL  WORK    OF   THE   VITAL    MACHINE. 

The  energy  expended  by  the  vital  machine  consists  of : 
(i)  The  external  work  performed  as  the  task  of  the  work- 
ingman. 

(2)  The  external  work  performed  incidentally  outside  of 
that  useful  work,  as  in  the  movements  of  the  limbs,  walkings 
handling  the  food  and  various  voluntary  and  other  motions, 
which  constitute  a  considerable  fraction  of  the  more  or  less 
necessary  .expenditure  of  energy  in  ways  not  included  in  the 
daily  specified  task. 

(3)  The  internal  work  of  digestion,  assimilation,  nutri- 
tion, and  rejection  of  excreta. 

(4)  The  internal  work  of  respiration. 
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(5)  The  internal  work  of  circulation  of  the  blood  and  the 
other  fluids  of  the  system. 

(6)  The  internal  work  of  growth,  maintenance,  recon- 
struction and  repair. 

(7)  The  internal  work  of  the  automatic  system  regulating 
the  functions  and  movements  of  the  various  organs,  both 
external  and  internal. 

(8)  The  internal  work  of  conscious  direction  of  the 
movements  of  body  and  limbs,  and,  in  some  cases,  of  internal 
organs,  and,  to  some  extent,  of  the  work  of  respiration  and 
of  circulation. 

(9)  The  internal  work  of  the  brain,  and  possibly  of  other 
organs,  in  the  performance  of  conscious  thought  and  of 
brain-work,  a  large  part  of  which  is  essential  to  the  proper 
performance  of  the  useful  work  of  the  vital  prime  motor, 
and  in  the  case  of  the  man  whose  duties  are  those,  distinct- 
ively, of  the  thinker,  a  large  part  of  which  must  be  rated  as 
useful  and  prescribed  work,  determining  the  efficiency  of 
the  machine. 

(10)  Peculiar  and  characteristic  forms  of  energy  which 
are  the  special  produce  of  some  organism  or  class  of  organ- 
isms, and  not  essential  elements  of  its  operation  as  a  vital 
machine,  but  which  are  employed  occasionally  as  the  special 
provocation  to  which  they  respond  comes  into  action. 

Such  is  the  internal  work  last  mentioned — that  of  the 
brain — where  it  is  not  the  useful  product  of  the  machine; 
such  is  the  energy  expended  in  the  production  of  the  poison 
of  the  serpent,  the  secretion  of  offensively  odorous  fluids  in 
many  animals  and,  perhaps,  the  honey-producing  glands  of 
the  bee  may  be  thus  classed.  The  most  remarkable,  and, 
in  this  connection  most  important,  illustrations  of  this  class, 
are  found  in  the  generation  and  use  of  the  electric  fluid  by 
the  torpedo  and  gymnotus  and  the  production  of  light  by 
the  glow-worm  and  fire-fly. 

Hybernating  animals  exhibit  a  peculiar  modification  of 
the  action  of  the  vital  functions;  their  whole  purpose,  during 
hvbernation,  beinof  to  insure  of  the  continuance  of  the 
physical  operations  of  circulation  and  respiration  by  the 
employment  of  the  previously  stored  energy  of  the  accumu- 
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lated  fat  of  the  body.  Very  little  tissue  is  wasted  or  re- 
paired and  the  whole  system  is  simply  preserved  in  action 
through  a  period  of  temporary  suspense  of  the  life  of  the 
creature.  That  this  may  be  done  by  the  employment  of  pure 
hydrocarbons  indicates  that  only  energy  and  not  material  is 
required,  for  no  nitrogenous  aliment  is  absorbed  or  assimi- 
lated. 

The  measure  of  these  various  quantities  of  energy,  use- 
ful and  wasted,  necessary  or  incidental  to  the  purpose  of  the 
existence  of  a  machine  or  its  application  to  useful  work,  is, 
in  the  case  of  the  external  useful  work  of  a  laboring  man  or 
animal,  easily  and  accurately  made ;  but  all  the  other  items 
are  very  difficult,  and  usually,  at  present,  at  least,  impossi- 
ble, of  more  than  approximate  measurement,  even  if  any 
clue  can  be  obtained  at  all  to  their  methods  of  action  or 
their  absolute  and  relative  quantities.  We  have  not  yet 
discovered  the  nature  of  the  primary  methods  of  transfor- 
mation of  the  energies  imported,  as  latent,  into  the  system, 
or  even  what  energies  are  active  in  the  production  of  the 
work  of  the  brain  and  nervous  systems  and  in  the  automatic 
operation  of  the  machine.  We  know  enough,  however,  to 
prove  that  the  animal  machine  is  a  motor  of  very  high  effi- 
ciency as  compared  with  the  prime  movers  devised  by  man, 
(his  thermodynamic  engines,  at  least,)  and  to  indicate,  if  not 
to  prove,  that  the  machine  is  a  thermo-electric,  chemico- 
dynamic,  electro-dynamic  or  chemico-electric  apparatus,  or 
else  a  prime  mover  in  which  some  unknown  form  of  energy, 
acting  by  as  yet  undiscovered  methods,  is  transformed  more 
economically  than  in  any  case  familiar  to  the  man  of  science 
or  the  engineer  of  our  time. 

The  poiver  of  animal  inacJiines  varies  greatly  with  the  race 
and  work.  Investigations  of  the  quantity  of  work  per  pound 
of  the  animal  machine  have  been  made  by  the  students  of 
aviation,  which  throw  some  light  upon  the  problem  in  hand.* 
Thus  Dr.  Smyth  measured  the  lifting  power  of  a  pigeon,  as 
registered  by  a  dynamometer,  and  computed  its  expenditure 
at  i6o  foot-pounds  per  pound  of  bird,  or  about  200  pounds 

*"  Progress  in  Flying  Machines."     O.  Chanute,  p.  39. 
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weight  of  bird  per  horse-power.  Alexander  eompntes  370 
foot  pounds  per  pound,  120  pounds  weight  per  horse-power. 
Penaud  finds  the  folknving,  whieh  are  thought  to  be  more 
exaet  figures: 

Pounds 

pet  harse-pou'd . 

Peacock 66 

Pigeon 57 

Sparrow •    • 48 

Seapie 26 

Were  the  weight  of  the  pectoral  muscles,  which  actually 
perform  all  this  work,  made  the  basis  of  these  calculations, 
these  figures  would  range  from  thirteen  to  about  five  pounds 
only  per  horse-power,  thus  giving  the  limiting  weight  of 
motor  machine.  The  actual  work  of  rising  in  the  last  cases 
is  greater  by  the  amount  of  slip  in  the  wings,  and  the  bird 
computed  to  give  sixty  pounds  per  horse-power  is  more 
nearly  twenty  pounds,  and  the  last  given  figure  becomes 
more  nearly  five  to  two  pounds  than  thirteen  to  five.  In 
full  flight,  the  demand  for  power  is  much  reduced,  and 
becomes  probabl}^  500  foot-pounds  per  pound,  or  at  the  rate 
of  0'Oi5  horse-power  per  pound,  sixty- six  pounds  of  bird  per 
horse-power.  This  flying  machine  is  proportioned  to  give 
the  higher  power  at  starting,  the  lower  in  steady  working. 
Their  emergency  performance  is  thus  probably  three  or  foiir 
times  the  average  for  the  day's  work.  This  is  also  a  fact 
illustrated  in  common  experience  with  men,  who,  develop- 
ing one-eighth  of  a  horse-power  for  an  average  day's  work, 
can  exert  a  half  horse-power  for  two  or  three  minutes,  a  full 
horse  power  for  a  few  seconds.  The  aggregate  power  of 
the  michine  varies  from  an  indefinitely  small  quantity  with 
the  smaller  creatures,  to  140  horse-power,  as  estimated  for 
the  whale  swimming  ten  knots  an  hour. 

The  heart  is,  perhaps,  the  most  powerful  and  enduring  of 
all  the  muscular  structures  of  the  system.  Helmholtz  has 
computed  that  this  organ  can,  on  the  average,  raise  its 
weight  at  the  rate  of  6,670  meters  per  hour.  He  found  that 
the  locomotive,  climbing  heavy  gradients,  in  the  cases 
investigated  by  him,  at  that  time,  could  rise  800  meters  in 
the  hour,  unloaded.    He,  therefore,  concluded  that  the  heart, 
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considered  as  a  machine,  was  eight  times  as  effective  as  the 
locomotive.  Presuming  that  his  kjcomotive  had  an  effi- 
ciency of  ten  per  cent.,  this  would  make  the  heart,  were  it 
self-contained  and  a  prime  motor,  exhibit  an  efficiency  of 
energy-conversion  of  about  eighty  per  cent.  This  supposi- 
tion is  however  by  no  means  correct. 

Fick  estimates  the  efficiency  of  energy-transformation  in 
the  useful  work  of  the  muscle  at  one-third  to  one-quarter, 
the  remainder  of  the  total  energy  supplied  being  consumed 
in  internal  work  and  wasted'  directly  or  indirectly  as  heat.* 

Chauveau  points  out  the  fact  that  the  efficiency  of  the 
muscle  varies  enormously  with  time  and  method  of  contrac- 
tion and  extension  and  magnitude  of  load.  In  the  case  of 
the  muscles  of  the  automatic-  the  vital-system,  as  those  of  the 
heart  and  lungs  and  digestive  organs,  it  is  probable  that  the 
conditions  are  those  of  constant  maximum  efficiency,  and 
the  figure  attained  would  seem,  from  other  considerations, 
to  be  likely  to  be  found  comparatively  large,  and,  for  the 
machine  as  an  energy-transformer,  immensely  greater  than 
is  ever  attained  in  non-vital  motors  of  the  thermodynamic 
class.  The  energy-transformation  is  presumably  never  ther- 
modynamic, but  is,  directly  or  indirectly,  dynamo-thermic 
and  the  heat  of  the  muscular  system  is  a  product,  not  a 
source,  of  useful  work,  and  an  excretion,  not  a  food.f 

It  has  been  seen  that  the  food  required  by  the  average 
workingman  contains  about  12,000  B.T.U.  of  energy  when 
resting  or  doing  little  work,  and  about  16,000  when  at  hard 
work.  It  would  thus  appear  that  the  work  of  the  laborer, 
for  which  he  is  paid,  represents  about  twenty-five  per  cent, 
of  all  the  energy  expended  by  the  vital  machine  in  external 
and  internal  work,  heat-producing  and  wastes.  This  means 
that  it  performs  one-fifth  of  a  horse-power  of  commercially 
valuable  labor,  and,  assuming  all  work  concentrated  into 
the  working  day,  three-fifths  of  one  horse-power,  mainly,  in 
the  work  of  the  organism  itself. 

A  days  work,  even  for  the  average  workman  of  full  work- 
ing power,  varies  greatly  with   the  nature  of  the  work  and 

*  Experimen teller  Beitrag.     1869.     Ueber  die  Warmeentwicklung.     1878. 
t  Chauveau  :  Travail  Musculaire,  pp.  233. 
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the  method  and  facilities  of  its  performance,  and  the  same 
is  true  of  the  horse  and  all  other  animals,  but  usually  in  less 
degree.  The  most  powerful  horses  may  be  expected  to 
develop,  as  an  average,  two-thirds  of  a  horse-power  for  eight 
hours  a  day,  or  1 2,000,000  foot-pounds  per  day,  very  nearly, 
under  favorable  circumstances.  The  work  of  a  man  is  var- 
iously given  by  different  writers,  but  it  is  usually  stated  to 
be  not  far,  at  best,  from  2,000,000  foot-pounds  per  day  in  the 
tread-mill,  ascending  mountains  and  stairways  when  his 
own  weight  is  the  useful  load,  and  carrying  burdens  on  a 
level.  Weisbach  gives  as  maximum  figures  1,935,360. 
Rankine  gives  2,088,000,  while  Ruhlman  states  the  work  of 
a  Prussian  soldier,  carrying  a  knapsack  and  other  accoutre- 
ments weighing  a  total  of  64  pounds,  as  about  3,000,000  foot- 
pounds. We  may  safely  take  2,000,000  foot-pounds  per  day 
as  a  figure  to  be  compared  with  the  10,000,000  foot-pounds 
of  energy  supplied,  and  as  giving  a  fair  maximum  for  the 
efficiency  of  the  animal  considered  as  a  prime  motor.*  It  is 
0"i25  horse-power  for  eight  hours,  0*04  for  the  day. 

The  efficiency  of  the  anim.al  machine,  as  an  apparatus  for 
the  performance  simply,  of  external  work,  is,  on  the  basis 
here  taken, 

E  =  2,000,000   /    10,000,000  =  0'20, 

twenty  per  cent.  This  happens  to  be  just  the  efficiency  of 
the  best  recorded  steam  engine  performance  to  date. 

The  efficiency  of  the  vital  machine,  considered  as  a  motor, 
is  high:  Haller,  about  1840,  had  applied  the  then  new  princi- 
ples of  thermodynamics  to  the  action  of  the  vital  elements 
of  the  system,  and  had  suggested  that  the  heat  of  the  body 
was,  at  least  in  part,  due  to  the  friction  of  the  circulation. 
Joule  found,  by  experiment,  that  the  passage  of  fluids 
through  tubes  gave  rise  to  heat  and  gave  the  correct  expla- 
nation, as  early  as  1843.  In  the  now  famous  paper  of  Joule, 
dated  1846,!  he  concludes  : 

The   duty  of  a   Daniell  battery,  per  grain  of  zinc,  is  80 

*The  Animal  as  a  Prime  Motor.    R,  H.  Thurston     Sec.  17,  p.  50;  Sec.  18, 

P-  53. 

■\  Philosophical  Magazine,  1846.     Memoir  of  Joule,  by  Osborne  Reynold, 

1892,  p.    ICO, 
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pounds  raised  one  foot  hig-h — about  one-half  the  theoretical 
duty — /.  c,  its  efficiency  is  about  0'5o. 

The  duty  of  a  Cornish  engine,  per  grain  of  coal,  is  143 
pounds  raised  one  foot  high,  an  efficiency  of  o'lo. 

The  duty  of  a  horse,  per  grain  of  food,  is  143  pounds 
raised  one  foot  high,  "which  is  one  quarter  the  energy  due 
its  combustion,"  an  efficiency  of  0-25. 

Joule  thus,  at  the  middle  of  the  century,  had  found  the 
animal,  taken  as  a  prime  mover,  to  be  two  and  a  half  times 
as  efficient  as  the  best  engines  of  his  day,  one  and  a  quarter 
times  as  efficient  as  the  best  engines  of  our  day,  the  close 
of  the  nineteenth  century. 

This  figure  is  corroborated  by  many  independent  experi- 
ments and  computations.  Joule,  as  above,  put  the  work  of 
horse  and  man  at  about  one-fourth,  sometimes  as  low  as  one- 
sixth,  the  dynamic  equivalent  of  the  food-supply.  Hirn 
found  substantially  the  same  figure  as  is  above  deduced,  by 
measuring  the  work  and  the  exhalations  of  carbon-dioxide 
and  of  moisture  by  his  enclosed  tread-mill  operators.  Helm- 
holtz  deduced  20  per  cent.,  also,  from  the  same  experiments. 
Joufret  takes  the  work  of  the  man  at  280,000  kilogram- 
meters  and  obtains  21  per  cent.,  by  the  day,  rising  to  37  per 
cent.,  short  intervals  and  actual  expenditures  of  energy  and 
proportional  supply  being  taken. 

We  may  thus,  without  much  doubt,  conclude : 

The  efficiency  of  the  animal  machine,  assuming  that  only 
external,  so-called  useful  work  is  reckoned  as  the  product,  and 
the  full  dynamic  equivalent  of  the  energy  latent  in  the  food- 
supply  being  taken  as  unity,  is  about  20  per  cent."^  Hirn's 
experiments  with  his  enclosed  tread-mill  gave  efficiencies 
from  17  to  25  per  cent.,  the  lowest  being  given  by  "a  lym- 
phatic youth  of  eighteen,"  the  highest  by  a  strong  laborer 
of  the  age  of  forty-seven.  The  average  is  precisely  that 
computed  by  the  method  pursued  above. t 

Our  computation,  however,  should  be  checked  by  the  in- 
troduction of  the  quantity  of  rejected,  unassimilated  food, 

*The  Animal  as  a  Prime  Motor. 
^l Ibidem,  p.  43,    • 
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if  we  arc  to  learn  the  real  maximum  possible  effieieney  of 
the  animal  machine  motor. 

The  factor  of  dig-estibility  is  probably  with  the  animal 
machine,  human  or  other,  when  in  good  health  and  normal, 
between  75  and  90  per  cent.,  averaging-  not  far  from  80  or  85 
with  the  customary  healthful  foods.  With  domestic  ani- 
mals. Professor  Woods  finds  this  factor  to  range  all  the  way 
from  about  50  to  approximately  90  per  cent."^'  This  is  con- 
firmed by  many  other  investigators,  and  the  assumption  of  85 
per  cent,  as  a  fair  maximum  is  probably  perfectly  justifiable, 
with  all  the  familiar  forms  of  the  vital  machine  in  good 
order. 

In  the  case  of  Weston,  the  pedestrian — studied  by  Dr. 
Flint — the  proportion  of  food  utilized  being  taken  as  meas- 
ured by  the  ratio  of  nitrogen  absorbed  in  food  to  that 
excreted  in  chemically  different  combinations,  the  efficiency 
of  nutrition,  the  ''  factor  of  digestibility,"  in  one  sense,  \vas, 
when  quietly  training  without  excessive  exertion  and  with 
very  moderate  exercise,  and  as  an  average  for  five  days,  86-6 
per  cent.f  It  is  probable  that  a  good  digestion  and  assimi- 
lation should  be  expected  to  attain  an  efficiency  of  90  per 
cent.,  and  that  10  per  cent,  of  the  food,  or  less,  might  be 
expected  to  be  wholly  wasted.  Very  nearly  this  efficiency 
was  attained  by  the  same  individual  during  five  days  of 
recuperation  after  a  five  days'  walk  of  3i7'5  miles. 

The  food  of  the  human  prime  motor  has  been  seen  to 
yield  from  about  2,500  calories,  10,000  B.T.U.,  7,800,000  foot- 
pounds, nearly,  when  doing  little  or  no  work,  up  to  4,000 
calories,  16,000  B.T.U.,  12,500,000  foot-pounds,  nearly,  when 
doing  a  maximum  day's  work.  This  would  seem  to  indicate 
that  the  internal  work  of  brain,  nerves,  muscles  and  other 
organs  of  work  and  thought  and  heat  production,  must  be 
about  three  times  the  total  external  work  of  a  working  day, 
and  this,  in  turn,  would  again  make  the  efficiency  of  the  vital 
machine  one-quarter,  25  per  cent.,  corresponding  once  more 
to  the  maximum  given  by  Hirn's  direct  experiments. 

*  Reports  of  Conn.  Agricultural  Experimeut  Station. 
t  ' '  Muscular  Power,  p.  84. 
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Reviewing  what  has  been  thus  far  collated,  it  will  prob- 
ably be  admitted  that  the  following  may  be  taken  as  a  fair 
estimate  of  the  efficiency  and  energy  distribution  of  the 
average  representative  human  prime  motor,  assuming  lo,- 
000,000  foot-pounds  supplied  and  85  per  cent,  of  the  food  to 
be  digested : 

THE   ANIMAL  MACHINE. 
RECEIPTS   AND   EXPENDITURES — EFFICIENCIES. 


Received  Food-content. 


Total  receipts. (foot-pounds) 10,000,000 

Ivoss,  unassimilated 1,500,000 

Available  and  utilized 


One  day's  labor,  maximum 

Heat  rejected* 

Thought-energy 

Internal  work  other  than  friction   .  . 
Wastes  by  non-assimilation,  as  above 


Total 


Energy 
Utilized. 


8,500,000 


2,000,000 

3,700,000 

500,000 

2,300,000 


Per  Cent,  of  Energy 
Available. 


8,500,000 


85-0 


23'5 
43'5 

5  "9 
27*1 


20 

37 

5 

23 

15 


*  Dalton. 

Where  the  machine  is  a  thought-machine^  and  not  primar- 
ily a  prime  motor,  the  efficiency  may  be  quite  different,  as 
will  be  seen  later. 

The  wasted  energy  of  the  vital  machine  ,when  considered 
merely  as  a  work-producer  in  the  ordinary  sense  of  that  term, 
consists  of  the  various  internal  energies  expended  in  the 
operation  of  the  machine,  the  misapplied  mechanical  energy 
of  the  twenty-four  hours,  and  the  heat  radiated  and  con- 
ducted from  the  body  and  exhaled  from  the  lungs.  Could 
all  these  wastes  be  suppressed,  the  efficiency  of  the  machine 
would  be  unity  as  a  prime  motor.  Precisely  what  are  these 
energies  and  their  respective  amounts  is,  as  yet,  unknown  ; 
their  aggregate  has  been  seen  to  be  So  per  cent.  To  what 
extent  either  or  all  may  be  suppressed,  as  our  knowledge 
of  the  machine  enables  us  to  employ  it  more  and  more 
intelligently,  no  one  can  yet  say,  except  that  it  is  known 
that  the  losses  of  heat  from  the  exterior  of  the  body  may  be 
kept  down  to  a  comparatively  small  amount,  and,  if  neces- 
sary, made  minute,  by  properly  clothing  it  in  non-conducting 
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materials,  precisely  as  nature  clothes  the  birds  and  the  other 
wild  creatures.  If  the  suppression  of  this  loss  results  in 
corresponding  increase  in  energ-y-conversion,  in  useful  direc- 
tions, the  efficiency  of  the  machine  is  to  that  extent  exalted. 
It  is  certain  that  some  loss  of  heat  externally  is  necessary 
to  preserve  the  activities  of  organs  of  the  body,  by  giving 
a  needed  difference  of  temperature  between  the  surface  and 
the  interior,  and  to  carry  away  energy  in  its  final,  thermal 
form ;  and  mankind  has,  from  the  beginning,  sought  to 
reduce  this  waste  by  covering  the  body  with  skins,  woven 
tissues,  and  other  forms  of  material  fitted  to  check  the 
outflow. 

The  source  of  animal  warmth  and  heat  energy  has  been,  for 
generations,  the  subject  of  study  and  experimental  research 
by  the  best  physicists  and  biologists.  According  to  Jamin, 
Messrs.  Halles  and  Cigna  and  Black  and  Priestley,  showed 
that  the  products  of  respiration  were  chemically  identical 
with  those  of  combustion.  Lavoisier  confirmed  this  con- 
clusion, and  proved  that  the  oxygen  inhaled  was  not  all 
accounted  for  by  the  exhalation  of  carbon-dioxide,  but  a 
balance  must  be  sought  in  the  production  of  water,  by 
union  with  hydrogen.  He  attributed  the  vital  functions  to 
the  oxidation  occurring  in  the  lungs,  and  circulation  to 
digestion  and  to  the  regulating  action  of  transpiration. 
Regnault  and  Reiset,  measuring  the  volumes  of  carbonic 
acid  produced,  found  that  the  larger  the  proportion  of  vege- 
table food,  the  greater  the  amount  of  this  oxidation;  while 
the  combination  of  oxygen  directly  with  the  carbon  of  the 
nutriment  sometimes  gave  an  item  in  the  balance  of  the 
account,  its  rejection  occurring  with  the  fluids  of  the  system, 
as  in  uric  acid,  this  proportion  being  the  greater  as  the  food 
was,  in  larger  part,  flesh.  They  found  a  small  amount  of 
nitrogen  passing  off,  presumably  rejected  from  the  disinte- 
grating tissues.  Boussingault  reached  the  same  conclu- 
sions by  determining  the  quantities  of  solid  and  liquid 
taken  into  the  body  and  rejected  from  it.  Lagrange,  Spal- 
lanzani,  Edwards  and  Magnus  ascertained  that  the  oxida- 
tion occurs  in  the  circulation  and  the  capillaries.  Despretz 
and  Dulong  found  the  heat  produced  by  the  vital  apparatus 
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to  be  about  nine-tenths  the  quantity  which  would   result 
from  complete  oxidation,  in  equal  amount,  in  the  air.'^" 

The  source  of  vital  and  muscular  energy  is  easily  iden- 
tified, and  it  is  well  known  that  the  function  of  digestion  is 
to  render  available  the  potential  energy  of  the  foods  by 
reducing  them  to  solution  in  fluids  capable  of  easily  and 
rapidly  and  completely  entering  the  constitution  of  the 
blood,  to  be  distributed  to  points  in  the  system  at  which 
their  stores  of  potential  energy  may  be  made  available  in 
kinetic  form.  Precisely  how  this  latter  operation  of  trans- 
formation occurs  is  still  unknown  ;  but  Claude  Bernard, 
about  the  middle  of  the  century,  called  attention  to  the 
action  of  the  hepatic  system  in  the  production  of  glycogenic 
matter,  and  later  investigation  has  shown  that  glycosic 
matter  is  distributed  throughout  the  animal  system  from 
the  liver  and  through  the  circulatory  system  into  the  capil- 
laries, where  it  largely  disappears  and  carbon-dioxide  comes 
into  view.  It  is  now  well  understood  that  the  oxidations 
and  the  energy-transformations  essential  to  animal  life  and 
activities  occur  through  reactions  between  the  oxygen  in 
solution  in  the  blood  of  the  arteries  and  the  combustible 
elements  accompanying  it,  which  chemical  operations  take 
place  in  the  depths  of  the  tissue  cells,  and,  perhaps,  in  the 
capillary  vessels.  It  is  also  now  admitted  that  the  quantity 
of  action  is  probably  proportional  to  the  loss  of  sugar  and 
of  oxygen,  and  to  carbonic  acid  replacing  the  lost  glycose 
as  a  product  of  its  oxidation. f  Since  these  chemical  com- 
binations are  invariabl}"  low-temperature  combustions,  and 
since  they  are  vastly  greater  in  quantity  in  the  active  than 
in  the  passive  muscle,  and  since  the  heat  ultimately  derived 
is  the  excretiun  of  the  system  and  the  final  result  of  energy- 
transformation,  it  may  fairly  be  concluded  that  an  interme- 
diate transformation,  or  series  of  transformations,  as  yet 
unidentified,  either  qualitatively  or  quantitatively,  consti- 
tutes the  physiological  method  of  production  of  work.  Gly- 
cosic substance  is  not  found  concentrated  in  any  considera- 

*  An  interesting  corroboration  of  recent  measures  of  the  "  coefficient  of 
digestion." 

t  See  Chauveau  and  Kaufmann.     Comptes  rendus,  t.ciii,  1886. 
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ble  quantity  in  the  tissues,  except  in  the  liver,  the  orj^^an  in 
which  it  originates,  and  the  only  conclusion  would  seem  to 
be,  that  orlvcogenesis  is  the  one  extremity  of  a  chain  of  trans- 
formations, of  which  heat  constitutes  the  other.  In  this 
sense  the  hepatic  gland  is  the  sojirce  of  muscular  power,  as 
well  as  of  animal  heat.  It  is  this  fact  which  makes  the  flow 
of  blood  to  the  working  part,  and  the  volume  of  its  channels, 
measures  of  the  energy  there  applied.*  The  weight  of 
blood  flowing  through  a  muscle  at  work  was  found  by 
Chauveau  and  Kaufmann  to  be  about  eighty-five  per  cent, 
of  the  weight  of  the  muscle  itself,  each  minute  of  working 
time,  for  full  load.  Its  amount  varies  with  the  work  per- 
formed, external  and  internal.  The  circulation,  with  the 
muscle  in  repose,  was  found,  by  the  same  investigators, 
to  be  about  one-fifth  as  great  as  when  in  full  work.  The 
succession  of  changes  is  thus,  probably,  as  follows : 

(i)  Potential  energy  in  foods  is  rendered  available  as  a 
source  of  kinetic  energy  by  change  of  the  foods  into  the 
various  constituents  of  the  blood  by  chemical  action  and  the 
expenditure  of  some  probably  small  net  amount  of  chemical 
energy. 

(2)  This  available  potential  energy  is  transferred  to  the 
capillaries  by  the  blood,  and  its  elements  are  selected  by 
each  organ  for  its  own  special  development  of  mechanical 
work  or  of  other  and  active  energies. 

(3)  Chemical  combinations  take  place,  resulting  in  the 
production  of  active  forms  of  energy,  applicable  to  the 
special  work  of  the  organ,  as  mechanical  work  in  the  muscle, 
chemical  action  of  characteristic  kinds  in  the  glands,  nerve- 
power  in  the  nervous  system,  and  the  accessories  of  thought 
in  the  brain. 

(4)  The  internal  energies,  though  useful,  objective  forms, 
each  being  utilized  in  the  performance  of  its  special  work, 
are  subject  to  a  final  transformation,  and  are  at  last  con- 
verted into  heat,  and  passed  outward  to  be  excreted  by  the 
skin  and  the  lungs. 

The  latest  researches  indicate  very  positively  that  the 

*  Chauveau  and  Kaufmann,     Comptes  rendus,  t.civ.     1887. 


1 1 2  Thurston  :  [  j.  f.  I., 

production  of  heat  in  the  vital  prime  mover  is  partly  due  to 
nutrition  and  tissue  repair,  or  rather  its  breaking  down,  and 
not  all  necessarily  derived  from  the  simple  and  direct  oxida- 
tion of  the  combustible  matter  of  food.  It  is  even  uncertain 
whether  the  potential  enej^y  of  food  considered  as  a  fuel, 
and  of  its  combustion  in  air,  is  to  be  taken  as  precisely  meas- 
uring its  energy  available  for  the  work  of  the  vital  machine. 
Chauveau  considers  the  glycogenic  product  of  the  liver, 
distributed  to  the  tissues,  the  source  of  all  mechanical  and 
thermal  energy.  The  sound  animal  machine  can  work  vig. 
orously  about  eight  hours  a  day;  the  remaining  sixteen 
hours  are  devoted  to  repair,  reconstruction  and  energy- 
storage.  Eight  hours  each  day,  one-third  of  life,  is  given 
especially  to  the  reparation  of  the  brain  and  mental  powers. 
Dr.  Edward  Smith  has  shown,  by  experiment  upon  him- 
self, that  the  inspiration  of  air  and  the  production  of  carbon- 
dioxide  may  vary  in  the  proportion  of  one  to  ten,  accord- 
ingly as  the  individual  lies  sleeping  or  actively  exerts 
himself  in  the  tread-mill  or  in  running  at  top  speed,  the 
exhalations  of  CO2  ranging  from  5*5  grains  to  forty-five 
grains  per  minute.^  The  quantity  becomes,  for  the  given 
case,  six  grains  when  standing,  twenty  when  walking,  and 
twenty-five  or  thirty  when  walking  rapidly.  The  variation 
seems  to  be  approximately,  in  Smith's  tables,  as  the  square 
root  of  the  speed  of  the  pedestrian.  Since  the  total  work  of 
the  machine  must  vary  as  the  velocity  of  overcoming  a  fixed 
resistance,  as  the  cube  of  velocity  where  the  resistance 
increases  with  the  speed-square,  as  is  here  presumably  the 
fact,  it  would  seem  from  these  facts  that  the  interior  resist- 
ance must  be  a  rapidly  increasing  proportion  of  the  total 
work  performed,  internally  and  externally,  a  deduction  which 
is  confirmed  by  constant  and  familiar  experience.  The 
experiments  of  the  same  investigator,  however,  seem  to 
prove  the  variation  of  the  exhalations  when  at  rest,  directly 
with  the  difference  between  the  external  and  the  internal 
temperatures ;  which,  if  corroborated  fully,  would  indicate 
the  heat  of  oxidation  in  the  body  to  be  ordinarily  employed 

*  "Foods."     International  Series.    New  York  :  D.  Appleton  &  Co. 
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principally  in  the  maintenance  of  its  warmth  at  the  standard 
point.  This  makes  it  advisable  to  ascertain  more  exactly 
what  energy  is  measured  by  the  chemical  actions  resulting' 
in  the  production  of  other  rejected  compounds,  solid  and 
liquid,  and  to  learn,  if  possible,  whether  chemical  action  in 
one  case  produces  the  demanded  thermal  energy,  and  in 
others  the  required  chemical  or  other  motive  energy. 

These  various  deductions  indicate  that  one-tenth  or 
thereabouts  of  the  energy  of  oxidation  in  the  tissues  of  the 
bod}^  and  in  its  capillaries  finally  produces  work  of  various 
kinds  ;  that  nine-tenths  passes  as  heat ;  that  the  efficiency  of 
energy-conversion  is  thus  ten  per  cent.  On  the  other  hand, 
the  fact  that  external  work  alone  gives  transformation  of 
twenty  per  cent,  shows  that  both  internal  and  external  work 
must  find  ultimate  conversion  into  heat  from  some  other 
and  antecedent  form  of  energy  of  food-conversion  and 
chemical  action. 

Rejected  heat-energy  increases  rapidly  with  increase  in 
the  amount  of  work  performed  by  the  machine,  and  this 
seems  to  confirm  the  idea  that  the  expenditure  of  internal 
energy  in  the  accelerated  operations  of  circulation,  respira- 
tion and  nutrition,  must  find  ultimate  conversion  into  heat 
and  rejection  in  that  form.  The  disappearance  of  thermal 
energy  observed  by  Hirn  is  proof  of  this  action.  Hirn  also 
found  that  the  total  heat  exhaled  exceeded  by  one-third 
that  computed,  and  thus  proved  that  it  must  be  derived,  in 
part  at  least,  from  other  processes  than  combustion.  The 
quantity  was  five  calories,  when  resting,  about  half  as  much 
when  at  hard  work,  per  gram  of  oxygen  inhaled.  Mental 
effort  and  work  have  precisely  the  effect  of  manual  labor  in 
this  increase  of  the  heat-waste  and  conversion  of  energy. 
The  source  of  energy  as  an  effect  of  oxidation  would  seem 
to  be  the  food  taken  into  the  system  and  the  broken-down 
tissues  of  muscle,  bone  and  nerve,  while  the  office  of  the 
food-supply  is  to  replace  this  tissue,  and  to  furnish  the 
energy  of  chemical  action  as  well. 

Dalton*  and  others  take  the  heat-waste  of  the   human 


*  "  Human  Physiology,"  Philadelphia,  1875,  p.  302. 
Vol.  CXXXIX. 
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machine  as  about  200  B.T.U.  per  hour,  1*28  B.T.U.  per 
pound,  nearly,  or  a  total  for  the  day  of  4,800  B.T.U.,  equiva- 
lent to  3,734,400  foot-pounds.  Assuming-  the  possibility  of 
complete  suppression  of  this  as  zvastc,  or  what  is  equivalent 
to  the  same  thing,  its  application  to  internal  work  of  equal 
value  with  the  energy  applied  to  useful  external  work,  the 
efficiency  of  the  animal  machine  becomes 

5,734,400  —  10,000,000  =  0-57  ^-  ; 

over  fifty-seven  per  cent.,  and  exceeds  that  of  any  known 
form  of  thermodynamic  machine  in  actual  use,  nearly  three 
to  one. 

Whether  the  suppression  of  this  waste,  with  correspond- 
ing gain  in  useful  conversion  of  energy,  can  be  effected, 
remains  uncertain,  and  is  perhaps  unlikely  to  be  prac- 
ticable, although  animals  and  human  races  in  the  tropics 
often  live  for  long  periods  in  temperatures  at  which  no 
conduction  or  radiation  of  heat  is  possible  and  must  depend 
entirely  upon  evaporation  of  moisture  from  the  exterior  of 
the  body  for  its  distribution.  Since  it  certainly,  in  part,  at 
least,  represents  the  re-transformed  energy  of  internal  work, 
it  would  seem  probable  that  only  by  effecting  a  balance 
between  internal  and  external  work  of  that  class  could  this 
waste  be  completely  suppressed.  This  is  probably  impossi- 
ble with  the  vital  engine,  but  nothing  is  known  that  would 
indicate  similar  necessary  limitations  in  any  artificial 
machine  in  which  the  essential  transformations  of  the  vital 
machine  may  in  some  way,  possibly,  be  illustrated. 

As  has  elsewhere  been  suggested,  it  seems  certain  that 
all  the  internal  operations  of  the  body,  all  the  various 
methods  of  energy-transformation,  must  result  in  final 
reduction  of  their  resultant  total  to  the  form  of  heat-energy, 
and,  in  that  form,  they  pass  away  from  the  system.  This 
conclusion  is  confirmed  by  the  experiments  of  Rubner,  who 
finds  that  the  radiated  heat  of  the  animal  body  precisely 
measures  the  calorific  power  of  the  food  utilized  by  assimila- 
tion.^ 

The  internal  %vo?'k  of  the  vital  machine,  as  now  computed, 

^  Zeitschrift  fiir  Biologie,  xxx,  1893,  p.  73. 
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amounts  to  forty-three  per  cent,  of  the  energ"y  supplied, 
less  the  amount  of  rejected  potential  energ"y  of  unassimi- 
lated  food.  Neither  quantity  has  as  yet  been  precisely 
determined.  Estimates  have  been  made,  however,  and  pos- 
sibly sufficiently  approximate  for  present  purposes. 

Letheby,  for  example,  proposes  the  following  for  an  aver- 
age day  of  the  average  workingman  at  his  usual  vocations 
involving  some  manual  labor  : 

Foot-pounds,  external  work,   actual  labor 1,011,670 

Work  of  the  circulation 500,040 

Work  of  respiration 98,496 

Total  foot-pounds 1,610,206 

Adding  to  this  probably  very  rough  estimate  the  3,734,- 
400  —  598,536  =  3,135,864  for  heat  not  due  to  these  causes, 
we  have  a  total  of  4,746,070  foot-pounds,  or  about  one-half 
of  all  the  energy  supplied.  Reckoning  the  work,  as  before, 
at  2,000,000  foot-pounds,  the  total  becomes  five-eighths  the 
energy-supply. 

This  leaves,  at  least,  three-eighths  to  be  accounted  for, 
and  if  we  may  take  the  proportion  of  blood  taken  to  the 
brain  as  a  measure  of  its  demand  for  energy,  and,  as  esti- 
mated by  Flint,  at  about  ten  per  cent.,  we  still  have  about 
twenty-five  per  cent,  as  unaccounted  for.  But  it  is  certain 
that  a  part,  perhaps  a  large  part,  of  the  heat  rejected  from 
the  system  comes  of  internal  fluid  friction  and  energy- 
transformations,  and  it  is  also  certain  that  some  of  the 
food  escapes  digestion  and  assimilation.  In  fact,  the  loss 
in  the  latter  form  of  supplied  energy  has  been  computed, 
in  some  cases,  as  fully  twenty-five  per  cent. 

It  would  thus  appear  possible,  if  not  extremely  prob- 
able, that  the  full  amount  of  the  potential  energy  of  the 
food  actually  assimilated  may  be  accounted  for  in  one  or 
another  form  of  the  resultant  energies  visible  or  sensible  as 
external,  and  as  essential  internal,  work  in  the  vital  machine. 
Just  what  internal  work  the  external  heat-flow  may  repre- 
sent, it  is  impossible  to  say  positively ;  but,  assuming  that 
all  the  energy  expended  in  the  circulation  of  the  fluids  of 
the  body,  all  the  work  of  friction,  so  appears,  and  that  all 
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energ-y  of  internal  mechanical  work  of  other  sorts,  and  of 
all  chemical  processes  occurring-  within  the  system,  also,  is 
thus  rejected  as  heat ;  and  assuming  that  the  energ-y  of 
brain  and  nerve  action  is  transformed  into  mental  and 
unmeasurable  energies  of  which  we  have  no  dynamic 
equivalent  yet  established,  the  animal  machine,  as  repre- 
sented by  the  human  body,  may  be  taken  as  having  an  effi- 
ciency measured  by  the  ratio  of  the  sum  of  useful  muscular 
labor  and  brain-work  to  the  energy  supplied. 

This  is  now  seen  to  be  probably  not  far  from  thirty  per 
cent.,  and  the  machine  is,  thus  viewed,  one  and  a  half  times 
as  efficient  as  any  existing  steam  engine. 

If  the  use  of  the  machine  may  be  taken  to  be  the  pro- 
duction of  muscle  and  brain-work,  and  of  the  heat  required 
for  the  comfort  of  the  system  considered  as  an  intelligent 
creature,  the  efficiency  becomes  the  sum  of  these  three 
quantities,  divided  by  the  total  receipts  of  energ}^  or  sub- 
stantially two-thirds,  the  only  waste,  on  this  basis,  being 
that  of  unassimilated  food,  and  the  energy  of  formation  of 
chemical  compounds,  of  heat,  and  of  dynamic  energy,  un- 
utilized, in  a  comparatively  small  proportion. 

Brain-work  is  the  task,  and  thought  the  product,  of  the 
professional  man.  The  mass  and  weight  of  the  brain  give 
us  some  interesting  data  for  consideration,  if  not  throwing 
important  light  upon  the  problem  in  hand.  The  average 
weight  of  the  brain  of  a  man  is  about  three  pounds,  perhaps 
fifty  ounces ;  that  of  the  average  woman  is  ten  per  cent, 
less,  about  45  ounces.  High  brain- weights  are  53-4  ounces, 
the  weight  of  that  of  Agassiz,  up  to  64'5,  that  of  Cuvier; 
while  low  weights  are  indicative  of  reduced  working  power, 
if  not  of  capacity  for  intellectual  action.  It  is,  however, 
true  that  the  largest  brains  have  been  those  of  the  idiotic 
and  the  insane,  and  that  the  greatest  genius  sometimes  pos- 
sesses a  brain  of  but  average  size  or  even  somewhat  less ; 
yet  insanity  and  idiocy  only  prove,  in  most  cases,  disease  of 
the  ordinary  brain  of  whatever  size,  and  individual  cases 
afford  no  evidence  pro  or  con.  The  important  fact  is  that 
size  of  brain  increases  with  the  intelligence  of  the  race,  and 
that,  when  the  weight  falls  below  about  two  pounds,  two- 
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thirds  the  avcraore  for  our  own  race,  intellig-ence  is  usually 
lacking".  Cerebration  only  occurs,  efficiently,  with  larger 
proportions  of  gray  matter. 

The  average  weight  of  the  male  brain  in  African  races 
is  about  that  of  females  of  the  European  races,  and  that  of 
their  females  is  ten  per  cent,  lower.  The  weights  in  Austra- 
lian races  fall  to  that  of  the  African  female  in  the  case  of  the 
male,  and  ten  per  cent  below  this  for  the  female,  or  thirty- 
nine  ounces.  The  weight  never  exceds  fifty-five  ounces  ex- 
cept among  the  most  civilized  races.  The  bodily  functions 
may  be  maintained  and  manual  labor  performed  with  very 
low  weights,  as  healthy  idiots  have  been  known  having 
brains  weighing  less  than  a  pound,  (8'5  to  I0'6  ounces).  The 
cerebrum  constitutes  eighty-seven  per  cent,  of  the  cranial 
contents. 

The  compactness  and  firmness  of  the  brain  substance 
and  the  comparatively  small  quantity  of  blood  with  which 
it  is  saturated,  in  its  ordinary  healthy  condition,  indicate, 
probably,  a  slow  building  of  tissue  and  construction  of 
the  gray  matter  constituting  the  brain  material  proper,  and 
is,  perhaps,  also  to  be  taken  as  evidence  that  the  organ  is 
not,  like  the  muscles,  in  the  opinion  of  many  physiologists 
operative  by  the  destruction  of  its  own  substance.  The 
proportion  of  nutriment,  suitable  for  each  organ,  presented 
by  the  blood,  varies  considerably,  and  it  may  be  the  fact 
that,  for  this  reason,  at  least,  the  volume  of  blood  sent  to 
the  brain  is  not  a  gauge  of  the  energy  supplied  it  in  that 
form ;  but  the  probably  slow  construction  of  the  tissue  of 
that  organ,  and  the  comparatively  small  proportion  of  nerve 
and  brain-making  elements  in  the  blood,  are  in  accord  with 
the  hypothesis  that  some  approximation  to  the  ratio  sought 
may  be  thus  obtained. 

The  proportion  of  blood  flowing  to  the  brain  would  make 
it  appear  that  about  fifteen  per  cent,  of  the  potential  energy 
supplied  the  body  is  expended  in  brain-work.  The  fact  that  a 
loss  of  one-third  the  average  weight  results  in  loss  of  power 
of  cerebration,  possibly  indicates  that  one-third  the  brain- 
powder  is  devoted,  in  civilized  races,  to  intellectual  work. 
The  fact  that  life   and  bodily  health  may  persist  with  one- 
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third  the  average  allowance  of  brain  would  seem  to  vshow 
that  one-third  the  normal  brain-action  may  be  required  for 
the  conduct  of  the  purely  animal  operations  of  the  system. 
The  corollary  of  these  two  deductions  would  seem  to  be  that 
the  normal  thinker  expends  one-third  his  brain-power  upon 
the  vital  machine,  one-third  upon  the  incidental  and  acci- 
dental cerebrations  of  life,  and  one-third  upon  real,  purely 
intellectual  work.  Bui  the  size  of  brain  and  its  quality  are 
both  known  to  be  factors  in  the  determination  of  the  mag- 
nitude and  nature  of  its  product  intellectually,  and  it  is  very 
possible,  probable  indeed,  that  the  intellectual  mind,  with  a 
brain  well  adapted  to  its  use,  not  only  has  an  instrument 
capable  of  doing  more  and  better  work  than  the  average- 
but  makes  more  use  of  that  instrument  than  does  its  neigh, 
bor  of  equal  brain  weight.  It  is  for  this  reason,  in  part, 
that  the  figures  here  assigned  for  brain-work  have  been 
fixed  upon.  As  a  matter  of  simple  proportion,  the  human 
machine,  acting  as  a  prime  mover  simply,  develops  from 
1,000,000  to  2,000,000  foot-pounds  of  work  per  day.  The 
best  worker  is,  usually,  also  most  intelligent,  and,  following 
the  above  suggestion,  it  may,  perhaps,  be  assumed,  in  de- 
fault of  direct  measurement,  that  the  *'  brainless  "  worker 
— using  that  term  in  its  vulgar  acceptation — may  perform  the 
lesser  amount,  1,000,000  foot-pounds,  and  that  the  intelligent 
worker  may,  under  similar  external  conditions,  produce 
2,000,000  foot-pounds,  and  that  the  latter  may  use  his  brain 
and  consume  energy  supplied  by  the  average  brain,  in  mod- 
erate amount  as  well.  If  the  professional  brain-worker 
does  less  physical  labor  and  more  brain  work,  he  may  sub- 
stitute the  one  for  the  other,  to  a  considerable  extent,  and 
we  have  assumed  1,000,000  foot-pounds  as  the  measure  of  a 
brain-worker's  day's  work,  in  addition  to  the  labor  of  carry- 
ing on  the  bodily  functions  and  that  of  regular,  moderate 
exercise.  As  yet,  however,  such  figures  are  little  better  than 
guesses. 

The  efficiency  of  the  thought-machine,  as  the  ''  brain-worker  " 
of  modern  times  has  become,  cannot  be  estimated  with  even 
so  much  of  accuracy  and  certainty  as  that  of  the  same  or- 
ganism  employed   as  a  vital  prime  motor  and  mechanical 
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engine.  The  considerations  presented  in  the  last  section 
and  in  some  of  the  earlier  portions  of  this  discussion  would 
seem  to  indicate  that  the  energy  demanded  by  the  brain  for 
transformation,  presumably,  in  the  operation  of  the  appara- 
tus as  the  instrument  of  the  mind  and  the  tool  of  thought, 
may  be  fairly  taken  as  between  five  per  cent,  for  the 
case  of  the  workingman  giving  all  his  energies  to  his 
task,  with  little  time  and  no  strength  for  mental  labor,  and 
for  the  non-intellectual  creatures  most  nearly  approaching 
man  in  their  constitution  and  structure,  and  ten  per  cent, 
for  the  average  intellectual  product  of  civilization,  up  to 
perhaps  fifteen  per  cent,  in  the  case  of  the  steadily  working 
professional  brain-worker.  This  is  mainly  to  be  deducted 
from  the  energy  applied  by  the  laborer  w^th  his  muscles  to 
his  daily  task,  and  the  efficiency  account  would,  in  such 
case,  stand  as  a  first  and  a  rough  approximation,  perhaps, 
as  follows  : 

THK   INTELLECTUAL   MACHINE. 
RECEIPTS   AXD   EXPENDITURES — EFFICIENCIES. 


Received  Food-content. 

Energy 
Utilized. 

Per  Cent,  of  Energy 
Available. 

Total  receipts  ffoot-pounds*       8.500.000 

Waste,  non-assimilation              1.500.0C0 

Available  and  applied    ...       

7,000,000 

82 

ICO 

One  day's  work  (thought) 

Heat  rejected 

T,'"00,000 

3,coo,ooo 

2,OOD,OCO 

1,000,000 

12 
35 
23 
12 

43 
29 
14 

Internal  work,  aside  from  friction 

External  work  (moderate  exercise) 

This  estimate  makes  the  efficiency  of  the  mental  machine 
fourteen  per  cent,  if  based  upon  the  energy  actually  offered 
it  in  the  circulatory  system,  or  twelve  per  cent,  if  based 
upon  the  total  food  supply.  If  the  exercise  taken  can  be  made 
also  commercially  useful,  the  efficiency,  on  this  assumption, 
becomes  twenty-eight  or  twenty-four  per  cent.,  and  if  the 
essential  work  of  the  machine  is  taken  as  that  of  providing 
its  operator  with  heat  and  brain-power  it  becomes  fifty-seven 
or  forty-seven  per  cent.:  the  internal  w^ork  as  here  denom- 
inated being  the  only  waste  except  that  of  non-assimilation 
of  food. 

Whatever  may  be  taken  as  the  proper  method  of  reckon- 
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ing  efficiencies  from  the  utilitarian  standpoint,  it  is  obvious 
that,  in  one  form  or  another,  the  machine — this  vital  engine 
— converts  eighty  or  ninety  per  cent,  of  the  energy  received 
by  it  into  new  energies  by  transformation;  and,  taking  the 
real  waste  in  the  scientific  sense  as  that  of  the  heat  rejected, 
the  efficiency  for  comparison  with  heat  engines — in  which 
but  one  purpose  exists,  that  of  providing  a  single  form  of 
energy,  transforming  all  received  into  the  mechanical  form, 
so  far  as  practicable — it  is  fair  to  say  that  the  former,  with 
its  efficiency  as  thus  stated  at  fifty-seven  to  sixty-five  per 
cent.,  excels  the  perfect  heat  engine  of  our  time  enormously, 
has  twice  the  highest  theoretical  efficiency  of  the  best 
steam  engine  yet  produced,  and  three  times  its  actual  effi- 
ciency under  the  most  favorable  conditions  yet  reported. 
To  attain  this  efficiency  of  the  vital  machine,  any  heat 
engine  acting  under  the  laws  of  thermodynamics,  as  applied 
to  motors  with  fluid  workiftg  substances,  the  only  forms  as  yet 
devised,  must,  if  we  take  the  temperature  of  the  human 
body  as  its  minimum,  have  a  range  of  about  375°  F.,  and  a 
maximum  temperature  of  about  475°  F.  These  should  be 
the  limiting  temperatures  of  the  machine,  if  it  were  a  ther- 
modynamic engine  operating  under  any  such  conditions  as 
are  now  known  to  limit  the  action  of  the  heat  engines. 

The  maximum  possible  range  of  temperature  in  a  mass 
of  organic  substance,  of  which  fifty  per  cent.,  or  more,  is 
water,  and  the  circulating  fluid,  mainly  a  solution  of  organic 
stibstance,  cannot  possibly  be  much  greater  than  the 
range  between  the  freezing  and  boiling  points  of  pure 
water.  But  the  efficiency  of  the  best  heat  engine  known, 
even  acting  as  a  perfect  thermodynamic  engine,  would  not 
exceed  the  ratio  180/672  =o'27,  twenty-seven  percent.,  and 
its  actual  efficiency  would  probably  fall  below  twenty  per 
cent.  The  animal,  the  vital  engine,  certainly  has  no  sen- 
sible range  of  working  temperature,  and  no  elastic  working 
substance  like  the  gases  and  vapors ;  but  its  efficiency,  even 
as  a  work-producer  alone,  exceeds  the  above  figure,  and,  as 
an  energ3^-producer,  its  efficiency  exceeds  that  of  ordinary 
heat-engines  several  times. 

The  correct  method  of  estimating  the  efficiency  of  the 
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vital  machine  is  unquestionably  that  wliich  sums  up  all  its 
expenditures  of  energy,  thermal,  mechanical,  mental,  and 
determines  the  ratio  of  that  sum  of  all  energies  so  far  as 
directly  contributing"  to  the  purposes  for  which  the  dweller 
within  the  apparatus  lives,  with  the  total  energy  supplied 
during  a  period  including  at  least  one  perfect  cycle.  Taken 
in  this  manner  and  in  this  sense,  the  rejected  heat  would 
seem  to  constitute  the  only  real  waste,  and  the  efficiency  of 
the  machine,  as  a  peripatetic  residence  for  the  soul,  would 
seem  to  be  fairly  reckoned  at  not  less  than  forty-five  per 
cent,  nor  more  than  sixty-five,  accordingly  as  one  or  the 
other  of  the  units  above  taken  are  accepted — two  to  three 
times  the  maximum  efficiency  of  the  best-known  heat 
engines. 

The  rejected  heat-energy  is  precisely  like  that  of  the  final 
heat- waste  of  the  electric  lighting  system — the  final  form 
of  energy  subjected  to  transformations  of  greater  or  less 
complexity  during  the  process  of  application,  in  some  defi- 
nitely demanded  phase,  to  a  prescribed  purpose.  Rejected 
heat  is  certainly  not,  in  the  case  of  the  vital  machine,  ''  let 
down"  from  a  higher  temperature  in  the  process  of  thermo- 
dynamic conversion,  an  essential  characteristic  of  that  form 
of  prime  mover.  The  machine  is  evidently  not  a  thermo- 
dynamic engine. 

\_To  be  co?icluded.'\ 


PART  I— ERRATA. 

THE    ANIMAL    AS    A    PRIME    MOVER. 

P.  10,  line  thirty-three,  for  "of"  read  "above  ;"  p.  15,  line 
twelve,  for  "  cabbage,  carrots,"  read  "carrots  and  turnips.;" 
p.  18,  note  that  engraver  has  transposed  hatchings  for  pro- 
tein and  carbohydrates. 
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ENGINEERING  PRACTICE  and  EDUCATION. 


By  Gaetano  Lanza,  S.  B.,  C.  &  M.  E., 

Professor  of  Theoretical  and  Applied  Mechanics,  Massachusetts  Institute  of 

Technology. 


\_Concluded  from  />.  ^6.'] 


Stereotomy  is  a  species  of  advanced  descriptive  geom- 
etry, and  can  easily  be  acquired  by  any  one  who  is 
familiar  the  latter  subject.  It  bears  more  especially  upon 
the  work  of  the  engineer  who  is  to  erect  large  buildings 
where  stone  plays  an  important  part,  or  masonry  bridges. 

Of  surveying  and  topographical  drawing,  of  course, 
every  engineer  ought  to  have  some  knowledge,  but  the 
principles  of  surveying  are  easily  learned  by  any  one  who 
has  a  scientific  training  and  some  skill  in  handling  measur- 
ing instruments,  and  nicety  of  execution  can  only  be  ac- 
quired by  long-continued  practice,  and  the  greater  part  of 
this  practice  will  have  to  be  acquired  subsequently.  Sur- 
veying has  sometimes  been  assumed  to  be  the  principal  bus- 
iness of  the  civil  engineer,  and  frequently  a  man  who  was 
merely  a  surveyor  has  called  himself  a  civil  engineer ;  but 
the  progress  of  the  world  is  sweeping  this  away,  and  a  man 
who  is  merely  a  surveyor  is  no  longer  considered  to  be 
an  engineer  any  more  than  a  machinist  is  an  engineer. 
Now, 'while  the  man  who  is  to  build  roads  or  railroads  will 
probably  have  to  use  surveying  to  such  an  extent  that  it 
will  be  necessary  to  give  him  in  the  school  more  than  is 
given  in  the  other  engineering  courses,  nevertheless  his 
practice  will  have  to  be  acquired  subsequently,  and  the 
instruction  in  those  things  that  he  cannot  acquire  later,  or 
can  only  acquire  later  with  a  great  deal  of  difficulty,  should, 
on  no  account,  be  sacrificed  for  surveying. 

When  we  come  to  the  higher  geodetic  work,  we  have 
geodes)^  and  not  engineering  and  hence  it  will  not  be  con- 
sidered here.     Then  as  to  shopwork,  very  similar  remarks 
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to  those  I  have  made  in  regard  to  surve/ing,  will  apply.  It  is 
something  in  which  every  engineer  should  have  some  prac- 
tice, but  which  should  not  be  given  at  the  expense  of  more 
important  engineering  work.  Indeed,  it  would  be  extremely 
desirable  that  this  should  be  acquired  at  the  manual  train- 
ing schools  before  beginning  an  engineering  course,  and 
whenever  the  manual  training  schools  are  established  every- 
where as  a  part  of  the  public  school  system,  so  that  young 
men  who  wish  to  take  an  engineering  course  at  some  engi- 
neering school  can  first  attend  the  manual  training  school, 
then  the  engineering  schools  will  not  need  to  teach  so  much 
shopwork  and  what  they  do  teach  will  be  of  a  more 
advanced  character. 

Coming,  now,  to  the  studies  of  the  second  class,  we  shall 
find  that  we  may  divide  them  into  two  classes,  the  first 
being  those  requisite  for  such  specialties  as  can  be  devel- 
oped by  a  suitable  addition  of  certain  lines  of  work,  but 
where  these  lines  of  work  depend  upon  the  previous  train- 
ing that  has  been  given  ;  and  second,  those  where  a  consid- 
erable knowledge  of,  and  hence  a  drill  in,  chemistry  is  neces- 
sary. Among  the  first  I  should  place:  (i)  bridges;  (2) 
hydraulic  engineering ;  (3)  railroad  engineering,  with  special 
reference  to  permanent  way  ;  (4)  railroad  engineering,  with 
special  reference  to  motive  power  and  rolling  stock;  (5) 
marine  engineering;  (6)  mill  engineering;  (7)  naval  archi- 
tecture; (8)  electrical  engineering;  and  others  as  they  might 
arise. 

In  the  second  class,  on  the  other  hand,  I  should  place 
mining,  metallurgical  and  chemical  engineering,  and  others 
as  they  might  arise. 

The  essential  difference  between  these  two  classes  is  that, 
in  the  latter,  a  considerable  knowledge  of  chemistry  is  re- 
quired, and,  consequently,  that  the  student  must  have  con- 
siderable instruction  in  elementary  chemistry  and  in  quali- 
tative and  quantitative  analysis,  before  he  is  in  condition  to 
discuss  the  subjects  pertaining  to  his  special  line;  and  hence, 
that  for  these  courses,  a  certain  amount  of  chemistry  be- 
comes one  of  the  essential  fundamental  studies  that  the 
student  cannot  do  without,  and  must  be  provided  for  at  the 
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start  by  assigning  the  necessary  time  for  it  in  addition  to 
that  needed  for  the  other  fundamental  studies.  When 
suitable  provision  is  made  for  this,  there  remains,  of  course, 
less  time  for  other  subjects  than  there  is  in  the  other  cases. 

Of  course,  the  amount  of  chemistry  required  is  a  matter 
of  degree.  In  some  lines  of  mining  engineering  it  is  not 
great,  whereas,  in  metallurgical  works,  or  in  chemical  works, 
the  amount  is  decidedly  larger. 

Nevertheless,  the  one  who  is  laying  out  any  of  these 
courses  must  bear  in  mind  that  they  are  intended  to  fit  men 
to  do  primarily  the  engineering  work  of  such  establishments, 
and  that  it  is  not  necessary  that  they  should  have  as  much 
chemistry  as  would  be  required  by  the  analytical  chemist. 
Hence,  he  should  begin  by  considering  what  is  the  mini- 
mum amount  of  chemistry  which  it  will  do  to  put  in  the 
course  ;  put  that  in,  and  then  leave  the  rest  of  the  chemistry, 
which  it  might  be  desirable  to  add,  to  take  its  chances  with 
the  other  professional  subjects,  according  to  their  relative 
importance  in  the  special  line  of  work  for  which  the  course 
IS  laid  out. 

Let  us  assume,  now,  that  we  have  fixed  upon  the  funda- 
mental subjects,  and  the  time  that  must  be  given  to  each. 
We  are  prepared,  then,  to  map  out  the  course  to  be  pursued 
in  the  second  class,  or .  special  line  of  studies,  including 
whatever  of  the  first  class  we  deem  wisest  to  insert  in  the 
list. 

Were  I  to  attempt  to  map  out  the  details  of  what  should 
be  given  in  the  case  of  each  special  engineering  course  in 
these  special  lines,  I  should  need  a  whole  course  of  lectures 
to  elaborate  it.  I  shall  only  say  a  little,  therefore,  about 
some  general  rules  to  be  observed  in  making  the  selection: 

(i)  To  drill  the  student  in  all  the  details  of  his  profes- 
sion, or  to  impart  to  him  experience,  is  not  possible  in  a 
school.  Experience  can  only  be  gained  after  the  school 
da3^s  are  past,  and  he  goes  to  work. 

(2)  To  attempt  to  perfect  him  in  those  things  that  he  will 
have  to  do  when  he  first  goes  to  work,  at  the  expense  of  his 
later  success,  is  a  very  short-sighted  policy. 

(3)  Hence,  the  object  to  be  attained  should  be,  first,  to  so 
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arrange  this  work  that  he  shall  have  to  deal  with  sueh  cases 
as  are  liable  to  arise  in  the  practice  of  his  profession,  as 
with  the  actual  details  of  a  bridge,  of  a  steam  engine,  of  a 
locomotive,  of  a  mill,  etc.,  and  thus  become  familiar  with 
what  he  is  likely  to  meet  later  on  ;  and  secondly,  that  he  shall 
be  taught  how  to  go  to  work  on  these  problems  in  a  scien- 
tific manner,  applying  the  principles  that  he  has  previously 
learned,  thus  teaching  him  what  is  the  relation  of  his  scien- 
tific study  to  the  practical  problems  he  will  meet  later  in 
life. 

Next,  in  regard  to  the  third  class  of  subjects,  or  those 
intended  for  general  information,  it  is  desirable  to  insert  as 
much  as  can  be  inserted,  without  sacrificing  the  accomplish- 
ment of  the  main  objects  of  the  course. 

Such  subjects  are,  mainly,  linguistic  and  literary  studies. 
The  first,  however,  if  confined  to  the  modern  languages,  are 
also,  to  a  certain  extent,  professional ;  for,  without  modern 
languages,  some  of  our  most  valuable  engineering  literature 
is  closed  to  the  student. 

Having  thus  marked  out  the  character  and  the  scope  of 
the  studies  that  should  enter  into  an  engineering  course  of 
one  or  of  another  kind,  it  remains  for  me  to  speak  of  two 
subjects,  viz.:  (i)  The  graduation  thesis,  and  (2)  the  extent 
to  w^hich  laboratory  practice  in  the  engineering  laboratories 
should  be  introduced  into  the  courses. 

First,  as  to  the  graduation  thesis.  It  has  always  been 
the  custom  for  the  engineering  schools  to  require  of  the 
students,  before  they  are  graduated,  a  thesis.  The  special 
feature  required  of  a  thesis  should  be  that  it  shall  involve 
an  element  of  original  investigation,  and  its  chief  object  is 
to  teach  the  student  how  to  make,  and  to  give  him  practice 
in  making,  original  investigation  on  his  own  account.  He 
should  be  made  to  feel  that  the  problem  is  his  own  to  solve. 
He  should  be  encouraged  to  propose  his  own  plans  for  the 
solution,  and  to  submit  them  to  some  one  member  of  the 
corps  of  instruction,  who  should  aid  him  when  he  needs  aid, 
and  exercise  so  close  a  supervision  over  his  work,  that  he 
should  be  made  to  do  it  correctly. 

If    this    supervision    is    properly    maintained,    a   large 
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amount  of  investigation  can  be  accomplished  in  connection 
with  the  thesis  work. 

In  giving  the  instruction  I  have  outlined  above,  it  should 
not  be  merely  class-room  instruction,  but  also  laboratory- 
work,  partly  to  emphasize  and  illustrate  the  work  of  the  class- 
room, partly  to  drill  the  student  in  performing  carefully  and 
accurately  such  experimental  engineering  work  as  he  is 
liable  to  be  called  upon  to  perform  in  the  practice  of  his 
profession,  and  partly  to  teach  him  experimental  investiga- 
tion. 

The  student  will  have,  of  course,  in  addition  to  this,  lab- 
oratory work  in  his  special  line,  as  in  the  mining  labora- 
tory, electrical  laboratory,  industrial  chemistry,  laboratory, 
etc.,  besides,  of  course,  work  in  the  chemical  and  physical 
laboratories. 

I  have  previously  called  attention  to  the  process  of 
gradual  development  which  has  resulted  in  the  extensive  in- 
troduction of  laboratory  practice  of  a  variety  of  kinds  into 
technical  instruction,  and  therefore  to  the  evolution  of  the 
engineering  laboratories. 

As  to  the  organization  of  such  laboratories,  the  princi- 
pal objects  to  be  accomplished  by  them  are  three,  to  wit: 

(i)  To  give  the  students  practice  in  such  experimental 
work  as  an  engineer  is  constantly  liable  to  be  called  upon 
to  perform  in  the  practice  of  his  profession,  as  tests  of  the 
strength  of  materials,  evaporative  tests  of  steam  boilers, 
steam  engine  tests,  calorimetric  tests,  valve  setting,  etc.;  and 
to  teach  him  to  carry  on  his  work  with  accuracy,  and  to 
take  all  proper  precautions  to  avoid  error. 

(2)  To  give  the  student  opportunity  of  carrying  on  orig- 
inal investigation  in  the  engineering  branches,  such  as 
investigations  in  strength  of  materials,  in  steam  engineer- 
ing, etc. 

(3)  Another  important  function  of  such  laboratories, 
which  is  entirely  consistent  with  the  other  two,  is  that  of 
taking  up  and  carrying  on  systematic  investigations  of 
engineering  problems,  and  this  can  be  done  in  a  laboratory, 
whereas  it  is  only  with  very  great  difficulty  that  it  can  be 
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clone    in    a    machine    shop  or    a  manufacturinj^  establish- 
ment. 

By  publishing"  these  results  from  time  to  time  the  labo- 
ratory will  serve  to  add  gradually  to  the  common  stock  of 
knowledge. 

I  recognize  very  fully  the  incapacity  of  the  student,  as 
a  rule,  to  originate  and  carry  on  research  without  aid  from 
his  teachers;  but  when  this  aid  is  given,  and  the  necessary 
supervision  is  exercised,  a  large  amount  of  research  can  be 
accomplished  in  such  laboratories. 

Original  researches  should  also  be  carried  on  bv  the 
students  in  connection  with  their  graduating  theses  ;  some 
of  them  are,  of  course,  better  able  to  do  this  kind  of  work 
than  others,  but  all  should  be  required  to  undertake  origi- 
nal research,  and  a  careful  supervision  should  be  exercised 
by  some  one  of  the  instructing  force,  who  should  see  to  it 
that  whatever  is  done  should  be  properly  done,  so  that  the 
results,  as  far  as  they  go,  whether  extensive  or  not,  may  be 
of  real  value. 

Inasmuch  as  the  number  of  important  imvestigations 
which  it  is  possible  to  take  up  and  carry  out  is  so  very  large 
that  only  a  few  can  be  undertaken  in  any  one  laboratory, 
and,  therefore,  while  there  are  certain  pieces  of  apparatus 
of  so  typical  and  general  a  character  that  all  engineering 
laboratories  need  them,  and  should  be  provided  with  the 
best  that  their  means  will  admit  of,  as  for  instance,  testing 
machines  and  steam  engines — the  remainder  of  the  appa- 
ratus may  vary  very  considerably  in  equally  well-equipped 
engineering  laboratories. 

Instead,  therefore,  of  laying  down  general  rules  for  the 
equipment  and  conduct  of  such  laboratories,  it  seems  to  me 
that  I  shall  be  better  able  to  convey  my  ideas  by  describing 
to  you  the  equipment  of  the  engineering  laboratories  of  the 
Massachusetts  Institute  of  Technology,  and  the  way  in 
which  they  are  conducted. 

The  first  attempt  at  establishing  engineering  laboratories 
at  the  Institute  was  made  in  the  school  year  1873-74,  when 
one  was  equipped  w4th  the  following  apparatus,  viz.: 

{ci)  Two  horizontal  tubular  boilers,  each  4  feet  in   diam- 
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eter  and  1 2  feet  long,  containing  fifty  3-inch  tubes  ;  (d)  one 
small  vertical  tubular  boiler,  3  feet  in  diameter,  and  7  feet 
high,  containing  fifty  2-inch  tubes  ;  (c)  a  cast-iron  super- 
heater ;  (d)  an  8-inch  by  24-inch  Harris-Corliss  engine,  with 
a  brake  on  the  fly-wheel ;  (e)  a  combined  surface  condenser 
and  calorimeter  with  the  necessary  tanks  and  scales; 
(/)  also  a  variety  of  accessory  apparatus,  as  indicators, 
gauges,  etc.  From  this  laboratory  there  emanated  an 
investigation  into  some  special  problems  on  cylinder  con- 
densation made  for  Mr.  George  B.  Dixwell. 

From  these  small  beginnings,  partly  through  gradual 
growth,  and  partly  through  considerable  changes  and  im- 
provements made  all  at  one  time,  have  arisen  our  present 
engineering  laboratories,  situated  in  the  Engineering  Build- 
ing, and  occupying  two  floors,  50  x  150  feet  each. 

The  equipment  of  the  Laboratory  of  Applied  Mechanics, 
t.  e.,  the  laboratory  for  testing  the  strength  of  materials, 
embraces  the  following  apparatus : 

(i)  A  testing  machine  of  300,000  pounds  capacity,  made 
by  William  Sellers  &  Company,  Incorporated,  under  the 
patents  of  Albert  H.  Emery,  the  maker  of  the  Government 
testing  machine  of  800,000  pounds  capacity  at  Watertown 
Arsenal. 

This  machine  has  recently  been  added  to  the  equipment 
of  the  laboratory,  and  it  is  to  be  observed  that  this  style  of 
testing  machine  is  the  most  delicate  and  accurate  in  the 
world.  Moreover,  the  amount  of  investigation  in  the  line 
of  strength  of  materials  of  such  a  character  as  to  be  of  posi- 
tive value  to  the  engineer,  which  has  been  made  by  means 
of  the  Government  machine  at  Watertown,  is  far  greater 
than  that  which  has  been  accomplished  by  means  of  any 
other  testing  machine  in  the  world. 

It  is  provided  with  suitable  holders  and  measuring  appa- 
ratus to  adapt  it  to  specimens  of  different  shapes. 

(2)  An  Olsen  testing  machine  of  50,000  pounds  capacity 
for  determining  tensile  strength,  elasticity  and  compressive 
strength. 

This  machine  is  furnished  with  compression  platforms, 
which  distribute  the  pressure  evenly  over  the  specimen. 
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(3)  A  testing;  machine  of  100,000  pounds  capacity  for 
determining-  the  transverse  strength  and  stiffness  of  beams 
up  to  twenty-five  feet  in  length.  By  means  of  this  machine 
tests  are  also  made  on  the  strength  of  framing  joints  used 
in  practice,  and  on  the  strength  of  the  riveted  joints  of 
plate  girders,  as  well  as  on  other  specimens  subjected  to 
transverse  stress. 

(4)  A  testing  machine  of  18,000  pounds  capacity  for 
determining  the  transverse  strength  and  stiffness  of  beams 
up  to  fifteen  feet  in  length. 

(5)  A  machine  of  144,000-inch  pounds  capacity  for  test- 
ing the  torsional  strength  and  stiffness  of  shafting  up  to 
twenty-one  feet  in  length,  provided  with  apparatus  for 
measuring  the  angle  of  twist  to  four  seconds  of  arc. 

(6)  A  testing  machine  of  25,000  pounds  capacity  for 
determining  the  strength  of  ropes  or  wire,  where  the  clear 
length  of  the  specimen  can  be  made  as  great  as  ten  feet. 
By  means  of  this  machine  tests  are  made  upon  both  long 
and  short  splices,  and  on  a  variety  of  hitches  and  holders. 

(7)  A  machine  for  testing  the  tensile  strength  of  cements 
and  mortars,  where  the  clips  have  been  specially  designed 
in  such  a  way  as  to  secure  an  evenly  distributed  pull  on  the 
specimen.  In  connection  with  this  machine  is  a  complete 
outfit  of  nicely-constructed  moulds  for  making  the  bri- 
quettes or  specimens,  and  also  all  other  necessary  apparatus, 
as  sieves,  tanks,  etc. 

(8)  A  machine  for  determining  the  strength  and  elasticity 
of  long  specimens  of  wire. 

(9)  A  machine  for  determining  the  strength  and  elasticity 
of  cloth. 

(10)  A  machine  for  determining  the  effect  of  repeated 
stresses  on  the  strength  and  elasticity  of  iron  and  steel. 

(i  i)  A  machine  for  determining  the  deflection  of  parallel 
rods  when  running  under  different  conditions. 

(12)  A  quantity  of  measuring  and  other  apparatus  for 
determining  stretch,  deflection  and  twist. 

The  students  who  take  the  subject  of  applied  mechanics 
in  their  senior  year  are  required  to  learn  how  to  use  this 
apparatus,  and  the  method  of  making  the  different  kinds  of 
Vol.  CXXXIX.  9 
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tests,  thus  learning-  hovv  tests  should  be  made,  and  also 
acquiring  a  familiarity  with  the  appearance  and  behavior  of 
materials  when  subjected  to  stresses  such  as  occur  in  practice. 

Thus,  in  the  school  year  each  student  makes  the  follow- 
ing tests  in  the  laboratory : 

(i)  A  test  to  determine  the  modulus  of  elasticity,  the 
limit  of  elasticity,  and  tensile  strength  of  a  cast  iron  or 
wrought-iron  or  steel  rod  or  bar,  or  the  transverse  strength 
of  a  coupling. 

(2)  A  test  of  the  deflections  and  of  the  transverse  strength 
of  a  full-size  iron  or  steel  I  beam,  or  of  a  wooden  beam  sub- 
jected to  transverse  load. 

(3)  A  test  to  determine  the  modulus  of  elasticity  and  the 
tensile  strength  of  various  kinds  of  wire. 

(4)  A  test  to  determine  the  shearing  modulus  of  elasticity 
and  the  torsional  strength  of  a  shaft. 

(5)  Tests  of  the  tensile  strength  of  hydraulic  cement. 

(6)  Tests  of  the  cornpressive  strength  of  hydraulic 
cement. 

(7)  Tests  of  the  strength  of  rope,  and  the  loss  of  effi- 
ciency due  to  different  hitches  and  knots. 

(8)  Besides  the  above  the  students  make  a  variety  of 
tests  of  large  pieces  on  the  Emery  testing  machine;  some- 
times compression  tests  of  full  size  columns,  or  of  small 
blocks,  or  of  columns  with  bolsters,  etc.,  and  sometimes 
tensile  tests  of  pieces  of  varying  shapes  and  sizes. 

The  hydraulic  laboratory  contains  : 

(i)  A  closed  tank,  5  feet  in  diameter  and  27  feet  high, 
connected  with  a  lo-inch  stand-pipe  over  70  feet  high,  so 
arranged  that  a  constant  head  may  be  kept  at  any  desired 
level. 

(2)  Apparatus  in  connection  with  the  tank  and  stand- 
pipe,  for  making  experiments  on  the  flow  of  water  through 
orifices  and  mouth-pieces,  over  weirs  and  in  pipes,  under 
different  heads  and  conditions,  and  on  the  losses  of  head 
occurring  under  different  circumstances. 

(3)  A  system  of  pipes,  connected  both  with  the  main 
pipe  and  with  the  pumps,  is  fitted  for  the  insertion  of  dia- 
phragms, branches  and  other  apparatus  for  studying  loss 
of  head  and  the  laws  of  discharge. 
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(4)  An  attachment  to  the  main  tank,  containing  a  Pi  tot 
tube  for  studyinor  the  laws  of  velocity  in  jets,  and  adjustable 
points  for  the  measurement  of  the  cross-section  of  jets. 

(5)  A  cylindrical  steel  measuring  tank  of  280  cubic  feet 
capacity. 

(6)  A  six-inch  Swain  turbine,  so  arranged  that  it  can  be 
run  under  different  heads,  and  that  measurements  can  be 
made  of  the  power  exerted,  of  the  efficiency,  etc.,  under  dif- 
ferent gates. 

(7)  A  48-inch  Pelton  water  motor,  similarly  arranged. 

(8)  A  Venturi  meter  and  numerous  hose  nozzles  for 
measuring  water. 

(9)  A  weir  of  adjustable  width  up  to  four  feet. 

(10)  A  hydraulic  ram  with  a  two  and  one-half  inch  drive 
pipe. 

The  steam  laborator}^  contains  : 

(i)  A  triple-expansion  engine,  with  cylinders  of  9  inches 
16  inches,  and  24  inches  diameter,  respectively,  by  30  inches 
stroke,  arranged  in  such  a  way  as  to  be  run  single,  com- 
pound or  triple,  as  desired  for  the  purposes  of  experiment. 
It  is  of  the  Corliss  type,  and  has  a  capacity  of  about  150 
horse-power  when  running  triple,  with  an  initial  pressure  of 
150  pounds  in  the  high-pressure  cylinder.  To  it  is  con- 
nected a  surface  condenser,  and  the  other  apparatus  needed 
to  adapt  it  to  the  purposes  of  accurate  experiment. 

The  ends  and  barrels  of  the  cylinders  are  separately 
jacketed,  so  that  steam  can  be  let  into  either  or  both.  The 
receivers  are  also  jacketed  so  that  they  can  be  used  either 
with  steam  in  the  jackets  or  not.  The  cut-off  on  all  three 
cylinders  can  be  thrown  into  connection  with  the  governor, 
or  any  of  them  can  be  disconnected  from  the  governor  and 
adjusted  by  hand  at  a  fixed  point.  Cans  are  provided  for 
catching  the  drip  from  each  jacket,  and  these  cans  are  pro- 
vided with  water-glasses  so  that  we  can  determine  its 
quantity. 

The  engine  is  thus  fitted  to  carry  on  series  of  experiments 
under  different  conditions,  and  by  its  use  we  can  obtain  re. 
suits  comparable  with  the  results  that  are  actually  realized  on 
large  marine  and  stationary  engines.     The  water  consump- 
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tion  per  horse-power  per  hour  varies  with  the  different  con- 
ditions under  which  the  en^^ine  is  run,  but  we  have  found  it 
under  some  conditions  as  low  as  137  pounds. 

A  very  considerable  amount  of  investigation  has  been 
carried  on  already,  and  valuable  results  have  been  obtained. 

(2)  A  Harris-Corliss  engine,  with  cylinder  8  inches  diame- 
ter by  24  inches  stroke,  with  a  capacity  of  about  16  horse- 
power, with  an  initial  pressure  of  75  pounds.  This  engine 
is  also  connected  with  a  surface  condenser  and  a  tank  on 
scales  to  weigh  the  condensed  steam,  and,  of  course,  it  can 
be  used  to  make  engine  tests  ;  but  inasmuch  as  it  is  a  small 
engine,  it  is  not  economical,  using  from  30  to  40  pounds 
of  water  per  horse-power  per  hour ;  and,  now  that  we  have 
the  triple  expansion  engine,  we  use  the  Harris-Corliss  ma- 
chine mainly  for  valve-setting.  Moreover,  this  Harris- 
Corliss  engine  is  the  original  one  that  was  put  in  the  labora- 
tory when  it  was  first  founded,  in  1873,  by  means  of  which 
the  investigations  were  made  for  Mr.  Dixwell. 

There  is  also  another  eight-horse-power  engine  used  for 
valve-setting,  etc. 

(3)  Of  surface  condensers  there  are  four  in  all:  {a)  the 
one  connected  with  the  triple-expansion  engine,  and  which 
is  also  specially  arranged  for  experimental  purposes  in  such 
a  way  that  the  condensing  water  can  be  made  to  pass  once, 
twice  or  three  times  the  length  of  the  condenser  while  per- 
forming its  functions ;  {b)  a  smaller  surface  condenser 
attached  to  the  Harris-Corliss  engine,  and  {c)  and  [d')  two 
other  surface  condensers,  used  in  various  experiments. 

(4)  A  mercurial  pressure  column  which  extends  to  160 
pounds  pressure,  by  means  of  which  our  gauges  are  tested. 
There  is  also  a  mercurial  vacuum  column. 

(5)  A  dynamic  steam  engine  indicator  tester. 

(6)  Several  pieces  of  apparatus  for  determining  the  quan- 
tity of  ste^m  issuing  from  a  given  orifice,  or  through  a  short 
tube,  under  a  given  difference  of  pressure. 

(7)  Apparatus  for  testing  steam  injectors. 

(8)  A  number  of  steam  pumps,  the  largest  one  being  a 
duplex  pump  16,  \o\  by  12  inches. 

(9)  A  number  and  variety  of  calorimeters. 
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(10)  A  large  supply  of  indicators,  planimetcrs,  j^au^cs, 
thermometers,  anemometers  and  other  accessory  apparatus. 

(11)  There  are  in  the  different  building's  two  208-horse- 
power  sectional  boilers,  two  loo-horse-power,  and  one  eighty- 
horse-power  horizontal  tubular  boilers,  and  another  sixty- 
horse-power  horizontal  tubular  boiler  at  the  shops,  and 
these  are  used  for  making  boiler  tests;  all  the  fourth  year 
students  of  mechanical,  electrical,  chemical  engineering  and 
naval  architecture,  having  to  take  part  in  these  tests. 

It  is  believed  that  the  students  can  best  learn  to  make 
boiler  tests  by  making  them  on  large  boilers  producing  a 
considerable  quantity  of  steam. 

Besides  all  the  above,  the  engineering  laboratories  are 
provided  with  several  friction  brakes  of  different  capacities; 
with  machinery  for  determining  the  tension  required  in  a 
belt  to  enable  it  to  carry  a  given  amount  of  power,  at  a  given 
speed,  with  no  more  than  a  given  amount  of  slip  ;  with  a 
machine  for  testing  the  transmission  of  power  by  ropes ; 
with  a  number  of  transmission  dynamometers  ;  with  a  four- 
horse-power  gas  engine ;  with  a  complete  set  of  Westing- 
house  air-brake  apparatus,  including  th^  parts  belonging  to 
the  car  and  to  the  locomotive ;  with  the  pump  and  engineer's 
valve  of  the  New  York  air-brake  ;  with  a  measuring  tank  for 
large  quantities  of  water,  this  tank  being  provided  with  a 
number  of  orifices  in  the  bottom,  and  a  water  glass  on  the 
side  ;  with  a  number  of  water  meters,  and  of  weirs  of  differ- 
ent sizes,  for  measuring  water ;  with  a  locomotive  link 
model ;  with  a  centrifugal  pump,  a  gang  pump  and  a  rotary 
pump;  with  a  hot-air  engine;  with  a  pulsometer  pump;  with 
an  experimental  governor;  with  an  oil-testing  machine; 
with  a  number  of  water  motors;  with  an  ejector ;  and  with 
cotton  machinery  as  follows  :  two  cards,  a  drawing  frame, 
a  speeder,  a  fly  frame,  a  ring  frame  and  a  mule,  as  well 
as  accessory  apparatus.  As  to  the  work  required  of  the 
students  of  mechanical,  electrical  and  chemical  engineering, 
I  will  say  that  in  the  second  term  of  their  junior  year  they 
are  required  to  make,  under  careful  supervision,  engine 
tests  on  the  triple  engine.  In  the  course  of  the  senior  year 
the  list  of  tests  made  by  each  student  is  approximately  as 
follows,  viz. : 


^34  Lanza.  [  j.  F.  I., 

Tests  of  the  transmission  of  power  by  belting;  test  of 
the  performance  of  a  surface  condenser ;  test  of  a  direct- 
acting  steam  pump  ;  test  of  the  flow  of  steam  ;  valve  setting 
(plain  slide  valve);  test  of  apulsometer;  test  of  a  plunger 
pump;  calibration  of  orifices  for  the  flow  of  water;  deter- 
mination of  the  clearance  of  an  engine ;  use  of  the  different 
dynamometers  ;  valve  setting  (double  valve) ;  testing  gauges 
by  means  of  the  mercury  column ;  test  of  some  of  the 
boilers;  test  of  the  steam  injector;  test  of  steam  ejectors; 
use  of  the  different  kinds  of  calorimeters ;  test  of  a  Swain 
turbine  ;  measurement  of  the  flow  of  water  by  means  of 
orifices  and  weirs ;  test  of  water  motors  ;  test  of  a  hot-air 
engine;  valve  setting  (Harris-Corliss  engine);  analysis  of 
chimney  gas ;  test  of  a  battery  of  boilers  application  of 
Hirn's  analysis  to  the  triple-expansion  engine  in  the  labora- 
tory; test  of  the  efficiency  of  a  Weston  differential  pulley 
block;  test  of  the  efficiency  of  jack  screws  (each  test  is 
performed  by  a  squad  of  from  two  to  five  students,  and 
the  results  are  then  worked  up  and  handed  in  within  two 
or  three  days  by  each  member  of  the  squad) ;  test  on  ex- 
perimental governor ;  tests  on  the  indicator  tester ;  tests  on 
the  gas  engine  ;  tests  of  water  meters ;  calibration  of  hose 
nozzles,  etc. 

The  tests  are  all  made  under  such  supervision  as  will 
insure  accurate  work,  and  reliable  results. 

Then  each  student  is  required  to  make  all  the  calcula- 
tions for  every  test  in  which  he  takes  part,  and  to  hand  them 
in  within  a  week. 

These  reports  are  examined  by  competent  instructors 
who  make  all  the  calculations  independently  before  examin- 
ing those  of  the  students. 

Then  each  student  is  furnished  with  the  results  of  all  the 
tests  in  which  he  takes  part,  and,  moreover,  the  results  of 
the  investigations  made  in  the  course  of  the  regular  labora- 
tory work  of  the  engineering  laboratories  is  regularly  pub- 
lished in  the  Technology  Quarterly. 

The  above  is  a  description  of  the  equipment  of,  and  the 
work  done  in,  these  laboratories  at  the  Massachusetts  Insti- 
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tute  of  Technology.  It  is  plain  that  some  of  the  most 
common  work  of  the  engineer  in  practice  will  be  to  make 
tests  of  steam  engines  and  of  steam  boilers,  to  make  tests 
of  power  and  to  determine  quantities  of  water  either  in 
h3'draulic  work  or  in  work  on  steam. 

Now,  the  young  engineer  should  be  drilled  in  doing  this 
work  accurately  and  well,  and  should  understand  what  con- 
stitutes good  work  ;  more  especially  is  this  of  importance 
because  there  are  so  many  so-called  engineers  who  make 
tests  carelessly  and  publish  results  which  have  been 
obtained  from  tests  erroneously  made.  Too  often  they  do 
not  give  a  detailed  description  of  how  they  made  their 
tests.  Before  one  can  judge  of  the  credibility  of  the  results 
of  a  test,  he  needs  to  know  how  the  test  was  made. 

The  student  should  be  taught  to  do  all  that  he  does, 
well  and  thoroughly.  It  will  be  easy  enough  to  teach  him 
to  do  rough  work  when  it  is  required  if  he  knows  how  to 
do  accurate  work,  but  if  he  is  accustomed  to  do  rough 
work  it  will  be  very  difficult  to  make  him  do  accurate 
work. 


WATER  PURIFICATION.* 


By  Rudolph  Hering. 


The  subject  of  the  lecture  which  has  been  set  down  for 
to-night  is  one  which  might  occupy  our  time  for  many 
evenings,  even  if  it  should  be  treated,  in  part,  quite  super- 
ficially. There  are  many  aspects  under  which  it  might 
be  considered,  and,  in  order  that  it  may  possibly  be  of 
some  value  to  you,  it  is  necessary  that  we  confine  ourselves 
to  but  one  aspect,  and  even  this  one  we  shall  not  be  able  to 
exhaust. 

The  use  of  water  may  be  divided  into  three  general 
classes — domestic,  public  and  manufacturing.  In  the  first 
class  we  place  the  water  used  for  drinking,  for  cooking  and 
for  washing ;  the  second  class  comprises  the  water  used  in 

*  A  lecture  delivered  before  the  Franklin  Institute,  February  2,  1894. 
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fountains,  for  extinguishing  fires,  for  street-cleaning,  sewer 
flushing  and  the  like ;  and  the  third,  the  water  required  for 
different  industries. 

It  is  evident,  therefore,  that  the  water  supplied  to  a 
community  for  these  various  purposes  might  properly  have 
different  degrees  of  purity.  The  highest  grade  of  purity  is 
required  for  domestic  purposes.  If  there  is  a  sufficient 
quantity  having  this  high  quality  available  to  supply  all  the 
uses  to  which  water  may  be  put  in  a  city,  so  much  the 
better;  if  such  a  source  is  limited,  then  we  must  avail 
ourselves  of  different  supplies  for  the  same  city.  vSuch  is 
the  case,  for  instance,  in  the  cities  of  Paris  and  Vienna. 

We  shall  confine  ourselves,  in  the  following,  to  water 
required  for  a  domestic  supply ;  namely,  to  that  which 
should  be  pure  in  a  sanitary  sense,  and  which  may  be  used 
for  drinking,  cooking,  etc. 

Such  water  should  contain  no  foreign  matter  which  is 
known  to  produce  an  injurious  effect  upon  the  human  body, 
or  which,  with  good  reason,  is  vsuspected  of  producing  such 
an  effect,  and  it  should  be  pleasant  to  the  taste.  It  should 
also  be,  as  far  as  practicable,  free  from  all  substances  and 
associations  which  may  offend  the  general  aesthetic  sense 
and  affect  the  system  through  the  imagination,  even  though 
the  water  itself  be  perfectly  harmless. 

We  may  therefore  say  that  water  which  is  suitable  for 
domestic  uses  must  be  clear,  cool,  soft,  without  odor  and  with 
but  a  slight  taste,  neither  stale,  salty  nor  sweetish.  It  should 
have  air  in  solution,  it  should  contain  but  little  foreign 
matter,  and,  most  important  of  all,  it  should  contain  no 
pathogenic  or  sickness-producing  microbes. 

It  may,  with  advantage,  contain  certain  mineral  salts, 
particularly  a  little  lime,  to  supply  nourishment  for  such 
parts  of  the  body  as  require  mineral  matter.  Among  the 
salts  of  lime,  the  stomach  takes  more  kindly  to  the  carbon- 
ates than  to  the  other  compounds.  Further,  an  excess  of 
carbonic  acid  in  drinking  water  aids  the  digestion  of  certain 
fluids  which  otherwise  might  be  harmful ;  but,  on  the  other 
hand,  it  is  not  desirable  for  cooking  purposes.  When 
drinking  water  has  a  disagreeable  taste  and  a  high  temper- 
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ature,  it  will,  as  a  rule,  diminish   the   secretion  of   gastric 
juices  and  cause  a  poor  digestion. 

Water  without  air  in  solution  may  be  quite  harmless  to 
drink,  but  in  natural  waters  such  absence  may  indicate 
other  dangerous  qualities,  inasmuch  as  the  air  may  have 
been  absorbed  by  the  decomposition  of  organic  matter  in 
the  presence  of  dangerous  microbes. 

In  water  used  for  washing,  salts  of  magnesia  are  objec- 
tionable, on  account  of  the  hardness  which  they  produce. 
They  also  act  as  a  laxative  and  are  therefore  debilitating. 
Hard  water  fatigues  the  intestines,  and  injures  the  assim- 
ilative processes  by  forming  insoluble  compounds  with 
some  food  materials.  Water  containing  an  excess  of  salts 
may  even  counteract  the  digestive  processes  and  favor  hurt- 
ful molecular  actions.  All  sulphates  will  generally  lie 
heavily  in  the  stomach.  Nitrates  are  not  injurious  of  them- 
selves, but  their  presence  in  water  may  indicate  a  previous 
sewage  pollution,  and  therefore  a  danger  possibly  still 
existing. 

.  Finally,  a  water  contaminated  with  organic  matter  may 
bring  into  the  system  microbes,  or  bacteria,  and  ferments, 
which  interfere  with  the  normal  functions  of  the  stomach 
and  the  intestines.  After  entering  the  body  they  may  cause 
sickness  to  a  more  or  less  serious  degree.  Most  dangerous 
of  all  is  a  pollution  by  those  bacteria  which  are  the  cause  of 
some  of  our  most  fatal  diseases.  Cholera  bacilli,  which 
were  introduced  into  the  drinking  water  of  Hamburg,  caused 
the  late  epidemic  in  that  city,  the  most  recent  warning  of 
the  danger  of  such  pollution.  The  epidemic  of  typhoid  fever 
in  Plymouth,  Pa.,  some  years  ago,  was  caused  by  the  intro- 
duction of  typhoid  bacilli  from  a  single  individual  into  the 
limpid  waters  of  a  mountain  brook  supplying  a  part  of  the 
cit3^  Within  a  few  weeks  over  1,000  cases  of  typhoid  fever 
occurred  among  the  water-takers  of  that  otherwise  healthful 
town,  and  of  these  cases  over  100  were  fatal. 

There  are  already  on  record  so  many  cases  showing  the 
unmistakeable  connection  between  the  w^ater  of  a  domestic 
supply,  polluted  by  certain  species  of  bacteria,  and  the 
appearance,    among  the  consumers    of   this  water,    of   the 
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disease  associated  with  such  organisms,  that  it  should 
now  be  considered  almost  criminal  to  ignore  any  practical 
means  for  obviating  the  recurrence  of  such  calamities,  and 
for  maintaining  a  pure  supply. 

In  addition  to  guarding  the  sources  against  pollution,  we 
must  also  guard  the  water  itself  after  it  is  in  our  midst. 
If  pure  spring  water  or  ground  water  is  brought  to  rest  in  an 
open  reservoir  exposed  to  light  and  warmth,  living  organisms 
rapidly  develop  therein.  The  atmosphere  has  supplied  the 
germs,  and  warmth  and  light  have  caused  them  to  multiply. 
A  green  scum  covers  the  water,  and  later  it  is  filled  with 
algse  and  bacteria,  until  the  organic  matter  which  serves  as 
a  food  has  been  completely  removed.  River  water,  stored 
in  a  similar  manner,  is  generally  not  so  altered,  because  the 
conditions  of  storage  are  not  materially  different  from  those 
in  the  river,  and  there  is  no  cause  for  a  sudden  change  in 
the  action  of  the  bacteria.  Therefore,  when  the  water 
comes  from  springs  or  from  underground  sources,  it  must, 
to  keep  it  pure,  be  stored  in  covered  reservoirs. 

But  even  this  precaution  does  not  always  protect  it,  for 
it  is  difficult  to  preserve  in  all  respects  the  same  conditions 
which  existed  at  the  source.  We  have  on  record  a  case 
which  well  illustrates  this.  The  supply  of  Monaco  comes 
entirely  from  springs.  At  the  covered  reservoir  it  arrived 
with  five  microbes  per  cubic  centimeter.  After  twenty- 
four  hours  there  were  several  hundred,  and  after  a  week 
over  three  hundred  thousand,  or  sixty  thousand  times  as 
many  as  at  first.  After  standing,  the  number  of  microbes 
decreased,  until,  being  after  six  months  in  the  same  reservoir 
there  were  found  to  be  but  ninety-five  per  cubic  centimeter. 

This  curious  fact,  that  spring  water  when  exposed  to  the 
atmosphere  will  cause  a  greater  development  of  bacteria 
than  river  water,  is  noticed  also  in  the  relation  between 
sterilized  and  non-sterilized  water.  In  the  former,  when 
sterilized  by  boiling,  it  was  found  that  typhoid  bacilli  con- 
tinued to  flourish  vigorously  for  three  months,  while  in  the 
same  water,  which  had  not  been  boiled,  they  gradually 
disappeared. 

Water  brought  to  a  city  in  a  pure  condition,  or  sterilized 
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at  home,  should  therefore  be  used  as  soon  as  possible,  and 
before  it  can  receive  fresh  bacteria  from  the  air. 

Muddy  water  should  not  necessarily  be  condemned,  if  tur- 
bidity is  its  only  objectionable  feature.  While  a  clear  water, 
is  of  course,  more  desirable,  a  turbid  source  should  not  weigh 
ag-ainst  the  adoption  of  one  that  is  comparatively  free  from 
dangerous  bacteria,  for  muddy  water  free  from  pathogenic 
or  disease-producing  microbes  is  far  preferable  to  clear 
water  containing  them. 

If  much  veoretable  matter  is  contained  in  the  water  it 
may  be  unwholesome.  Water  from  marshes  is  known  to 
have  caused  intestinal  derangements  and  probably  also 
malarial  and  other  fevers. 

Animal  matter  produces  a  still  more  dangerous  effect, 
and  it  is  to-day  believed  that  most  of  the  zymotic  diseases 
are  caused  indirectly  by  animal  pollution  of  water  supplies. 

Water  which  contains  organic  matter,  if  left  standing  in 
a  vessel  in  a  warm  place,  gradually  becomes  turbid,  and 
after  a  certain  time  a  film  may  be  seen  on  the  surface, 
while  deposits  form  on  the  sides  and  on  the  bottom.  Some- 
times certain  offensive  gases  escape.  The  turbidity  is 
caused  by  myriads  of  microbes  which  are  living  on  the 
organic  matter  contained  in  the  water. 

All  waters  used  for  domestic  purposes  are  more  or  less 
liable  to  pollution  by  microbes  which  may  be  injurious  to 
persons  whose  temporary  or  chronic  condition  of  health 
may  not  be  good.  It  is,  therefore,  the  first  duty  of  the  engi- 
neer who  is  to  select  a  source  and  design  works  for  supply- 
ing a  community,  to  consider  only  those  waters  which  are 
naturally  healthful  at  the  source,  or  those  which  can  be 
artificially  made  so  at  a  reasonable  expense.  While,  how- 
ever, artificial  purification  may  accomplish  all  that  seems  to 
be  required,  yet,  when  there  is  a  choice,  preference  should 
always  be  given  to  water  from  the  purer  source. 

We  shall  now  refer  to  the  different  known  methods  of 
artificially  purifying  waters  in  a  sanitary  sense. 

Water  may  be  thoroughly  purified,  or,  w^e  should  rather 
say,  sterilized,  by  the  process  of  boiling,  which,  if  continued 
long  enough,  will  destroy  all  living  organisms  contained  in 
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it.  This  safeguard  is  the  one  usually  resorted  to  in  the 
household  when  the  city  water  is  suspected.  The  length  of 
time  necessary  for  boiling  has  been  very  differently  stated 
by  different  authorities.  Professor  Tyndall  found  that  there 
are  certain  stages  in  the  life  of  bacteria  when  they  can  resist 
the  action  of  boiling  water,  but  these  stages  are  of  short 
duration,  and,  according  to  his  statement,  if  boiling  is  con- 
tinued for  several  hours,  it  will  permanently  destroy  every 
vestige  of  life.  Other  authorities  give  twenty  minutes  as 
a  sufficiently  long  time  to  render  the  water  harmless. 

Another  method  of  artificial  purification  is  the  aeration  of 
water.  It  has  been  the  common  belief  that  water,  when  it 
is  deprived  of  air,  deteriorates  and  becomes  unfit  for  use, 
but  the  waters  of  deep  springs,  which  have  a  high  degree  of 
purity,  sometimes  contain  no  air.  Water  exposed  to  air 
dissolves  some  of  its  constituents,  viz :  oxygen,  nitrogen 
and  carbonic  acid.  When  the  water  contains  organic  matter, 
a  change  takes  place,  and  the  absorbed  oxygen  causes  an 
oxidation  of  the  organic  into  mineral  matter.  This  oxida- 
tion, however,  is  almost  entirely  effected  by  the  activity 
of  living  bacteria.  The  carbon  and  nitrogen  of  the  organic 
matter  combine  with  the  oxygen.  It  has  been  thought  that 
mechanical  aeration  would  hasten  the  process  of  oxidation, 
but  as  this  can  be  accomplished  only  by  increasing  the 
number  of  bacteria,  or  by  providing  more  favorable  condi- 
tions for  their  activity,  the  belief  in  purification  by  artificial 
aeration  has  begun  to  vanish. 

Experiments  that  have  been  made  on  this  subject  have 
directly  shown  that  oxidation  of  organic  matter  in  water,  is 
not  hastened  by  vigorously  agitating  it  with  air,  even 
when  air  is  introduced  into  it  under  pressure.*  But  the 
aeration  of  water  may  still  serve  a  useful  purpose.  It  will 
prevent  stagnation  by  supplying  the  usual  amount  of  oxy- 
gen, and,  for  the  same  reason,  will  prevent  the  growth  of 
algae  therein.  It  will  also  remove  disagreeable  gases  which 
may  arise  from  stagnant  waters,  and  finally  it  serves  a 
useful   purpose  in  certain  waters  containing  iron  in  solu- 

*"  The  Effect  of  the  Aeration  of  Natural  Waters."  By  Thomas  M.  Drown, 
M.D.,  Chemist  of  the  Massachusetts  State  Board  of  Health.  * 
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tion,  by  oxidizing-  the  iron  rind  thus  rendering  the  \v:iter 
more  palatable. 

Dr.  Frankland,  in  London,  has  lately  shown  that  a  partial 
purifieation  of  water  mav  be  obtained  by  agitation  with  eer- 
tain  materials  in  a  fine  state  of  division,  and  allowing  a  sub- 
sequent sedimentation.*  His  experiments  with  coke  and 
charcoal  were  especially  effective.  Water,  agitated  with 
one-fiftieth  of  its  weight  of  finely-powdered  coke,  was  found, 
after  settling,  absolutely  sterile,  that  is,  without  a  single 
organism. 

A  method  of  purification  which  may  be  discussed  under 
this  same  head  has  lately  been  brought  into  prominence  by 
Mr.  Anderson,  who  has  patented  a  process  for  agitating 
water  with  small  particles  of  iron  in  a  revolving  cylinder. 
He  had  before  noticed  the  purifying  effect  of  passing  water 
through  spongy  iron,  but,  as  this  soon  became  useless  by 
the  clogging  of  its  pores,  he  conceived  the  idea  of  having 
small  bits  of  wrought  or  cast  iron  dropped  through  the 
water,  instead  of  causing  the  water  to  pass  through  the 
pores  of  the  iron.  This  is  done  by  a  simple  mechanical 
operation  in  a  revolving  cylinder.  Through  the  agency  of 
carbonic  acid  contained  in  the  \vater  the  iron  is  converted 
into  ferrous  carbonate,  which  is  partly  dissolved  and  partly 
suspended  in  the  water,  and  gives  it  a  slightly  greenish 
hue.  When  acted  on  the  air  contained  in  the  water,  the 
iron  is  converted  into  ferric  oxide,  which  first  coagulates 
the  organic  matter  held  in  suspension,  and  then  acts  as  a 
precipitant  in  carrying  down  wath  it,  as  it  settles,  the  fine 
particles  held  in  suspension.  The  water  is  subsequently 
filtered  in  order  to  remove  the  sediment  caused  by  the  iron 
and  its  included  impurities. 

An  examination  of  water  so  treated  shows  that  no  iron 
has  been  left  in  it,  and  that  the  precipitate  has  freed  the 
w^ater  from  a  very  large  proportion  of  the  bacteria  originally 
contained  in  it.  The  high  degree  of  purity,  however,  which 
is  claimed  as  a  result  of  this  process  of  agitating  the  water 
with  iron,  is  due  largely  to  the  subsequent  sand  filtratiofi. 

*"  Water  Purification  :  its  Biological  and  Chemical  Basis."  By  Percy  F. 
Frankland,  Ph.D.,  etc.,  a  paper  read  before  the  Institution  of  Civil  Engineers. 
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Dr.  Frankland  has  more  recently  made  experiments  to 
ascertain  the  value  of  sedimentation  alone,  without  any  addi- 
tion of  coke,  charcoal  or  iron.  He  found  in  a  number  of 
cases  that  raw  river  water  running-  into  a  reservoir  in 
London  contained  from  five  to  ten  times  as  many  bacteria 
per  cubic  centimeter  as  the  water  running-  out  of  the  same.* 
It  may,  therefore,  be  of  great  economical  importance  that 
sedimentation  should  be  allowed  to  take  place  before  resort- 
ing to  more  expensive  methods  of  purification,  for  the 
former  process  may  reduce  the  extent  to  which  the  latter 
need  be  carried. 

Another  method  of  purifying  water  is  the  direct  precipi- 
tation of  the  objectionable  matter  by  the  addition  of  chemi- 
cals, generally  in  solution.  These  form,  with  portions  of 
the  organic  matter,  insoluble  compounds,  which,  in  gradu- 
ally descending  to  the  bottom,  carry  with  them  the  sus- 
pended matter,  be  it  organic  or  mineral. f  The  result,  there- 
fore, is  a  clarification,  and,  to  some  degree,  also,  a  purifica- 
tion, of  the  water. 

The  chemicals  which  are  added  to  water  for  the  purpose 
of  precipitation,  are  generally  lime,  salts  of  alumina,  or  salts 
of  iron.  They  cause  a  coagulation  of  the  organic  matter, 
forming  flocculent  masses  throughout  the  water. 

While  the  precipitation  processes  serve  at  times  an  excel- 
lent purpose,  we  should  not  forget  that  the  resulting  water, 
though  clear,  may  not  be  pure.  It  is  true  that  a  very 
large  number  of  bacteria  is  carried  down  with  the  descend- 
ing flocculent  matter.  Experiments  have  shown  that  98 
per  cent,  of  the  original  number  may  thus  be  removed. 
It  is  seldom,  however,  that  more  than  one-half  of  the  entire 
organic  matter  is  precipitated  from  the  water,  and  more 
than  three-quarters  of  the  number  of  bacteria,  and  thus  the 
water  may  again  become  objectionable  through  the  develop- 

*  "The  Purification  of  Water  by  Precipitation  and  Sedimentation."  A 
letter  written  by  Dr.  Percy  Frankland,  F.R.S.,  to  "Industries  and  Iron," 
December  8,  1893. 

t  They  also  carry  down  a  large  percentage  of  the  bacteria.  If,  however, 
the  water  is  allowed  to  stand  long,  the  organisms  first  carried  down  will  rise 
again  and  be  distributed  through  the  water. 
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ment  of  fresh    bacterial  life  in    the  org\inic    matter   which 
is  not  removed.* 

Lime  is  extensively  used  for  precipitation,  particularly 
when  water  is  very  foul.  It  readily  coagulates  organic 
matter,  and,  in  quantities  merely  sufficient  to  effect  a  clarifi- 
cation,  does  not  injure  the  water,  because  all  of  the  lime 
generally  sinks  to  the  bottom.  It  is  rarely  necessary  to  use 
more  than  a  half  a  grain  to  the  gallon  of  water. 

The  action  of  alum  is  similar,  so  far  as  the  method  of 
purification  is  concerned,  but  it  has  the  additional  advantage 
of  combining  with  coloring  matter,  and  thus  causing  the 
water  to  become  clearer  than  when  lime  alone  is  used. 
When  water  contains  carbonate  of  lime  in  solution,  the 
addition  of  alum  causes  the  formation  of  sulphate  of  lime, 
carbonic  acid  and  hydrate  of  alumina.  The  sulphate  and 
the  carbonic  acid  remain  dissolved  in  the  water,  while  the 
alumina  forms  a  gelatinous  or  fiocculent  mass,  which,  as  it 
settles  down,  drags  with  it  the  suspended  matter  which 
causes  the  turbidity.  The  alumina  also  forms  insoluble 
combinations  with  some  of  the  dissolved  organic  matter, 
and  this  is  also  precipitated.  The  amount  of  alum  neces- 
sary to  give  perfectly  clear  water  ranges  from  one-half  grain 
to  five  grains  per  gallon.  Too  much  alum  \vill  make  the 
water  acid  and  thus  cause  it  to  rust  all  iron  with  w^hich  it 
comes  in  contact.  When  a  smaller  quantity  will  not  prop- 
erly precipitate  all  the  suspended  matter,  it  is  of  advantage 
to  add  a  small  amount  of  lime  sufficient  to  neutralize  the 
acid  developed  by  the  alum. 

The  Chinese  and  other  Asiatic  people  have  long  been 
familiar  with  this  effect.  They  put  a  piece  of  alum  into  a 
hole  in  the  end  of  a  bamboo  stick.  The  water  is  first  stirred 
with  this  stick  and  is  then  allowed  to  settle. 

Salts  of  iron  are  likewise  excellent  precipitants  and,  for 
some  waters,  are  preferred  to  alum  and  lime.  Ferric  oxide  is 
especially  efficacious  when  in  a  nascent  state,   as   already 

*  "  Report  of  Experiments  upon  the  Chemical  Precipitation  of  Sewage," 
made  at  the  Lawrence  Experiment  Station  during  1SS9.  By  Allen  Hazen, 
Chemist  in  charge  at  the  Station.  Massachusetts  State  Board  of  Health. 
1890.     Vol.  II.     Pp.  737-91. 
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mentioned  when  speaking  of  the  process  of  purifying  water 
by  means  of  small  particles  of  iron.  The  coagulated  ferric 
hydrate,  in  settling  through  the  water,  removes  most  of  the 
bacteria  contained  therein. 

Ferric  sulphate  and  per-chloride  are  also  used  to  coagu- 
late the  organic  matter,  but  they  are  more  expensive,  and 
their  action  upon  drinking  waters,  is  less  favorable  than 
that  of  the  substances  already  mentioned. 

It  has  already  been  mentioned,  under  the  head  of  sedi- 
mentation, that  charcoal  and  coke,  when  finely  divided,  carry 
down  much  of  the  suspended  matter.  Finely  divided  clay, 
when  in  suspension,  as  in  our  western  rivers,  will  act  in  a 
similar  way,  and  thus,  if  their  turbid  water  is  allowed  to 
rest,  will  carry  down  the  major  portion  of  the  impurities. 

Before  we  leave  the  subject  of  precipitation,  we  must 
mention  a  process  which  quite  recently  has  been  much  dis- 
cussed, viz..  the  purification  of  water  by  electrolysis.  Elec- 
tricity is  employed  to  produce  a  decomposition  of  the  salts 
contained  in  solution  and  to  transform  into  harmless  com- 
pounds the  organic  matter  contained  in  the  water.  When 
an  electric  current  is  passed  through  water  containing 
chlorides,  for  instance  common  salt,  these  are  gradually  con- 
verted into  hypo-chlorites,  which  destroy  organic  matter 
brought  in  contact  with  them.  We  are  all  familiar  with  the 
action  of  hypo-chlorite  of  lime,  which  is  very  commonly 
used  as  a  disinfectant.  By  adding  salt  to  water,  or  by  using 
sea  water,  a  hypo-chlorite  of  soda  is  formed  which  precipi- 
tates the  organic  matter  and  promptly  destroys  it  by 
oxidation. 

How  far  this  process  may  be  made  available  for  the  puri- 
fication of  drinking  water  is  yet  a  question.  At  the  present 
time,  so  far  as  I  know,  it  is  used  only  for  the  purpose  of 
purifying  a  stream  containing  the  sewage  of  Brewster,  in 
the  water-shed  supplying  the  city  of  New  York  with  its 
drinking  water,  and  there  only  upon  a  small  scale. 

\_To  be  concluded,'] 
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ANNUAL   REVIEW  OF  SCIENCE  AND  INDUSTRY.* 

The  production  of  crude  iron  is  properly  regarded  as  a  fairly  accurate 
barometer  of  the  state  of  general  trade  and  commerce.  The  figures  of  the 
year's  production,  accordingly,  which  have  just  been  issued  on  the  authority 
of  the  American  Iron  and  Steel  Association,  reflect  the  pronounced  depression 
in  business  which  characterized  the  greater  part  of  that  disastrous  period, 
viz. :  the  total  production  of  pig  iron  in  1894  was  6,657,388  gross  tons,  against 
7,124,502  tons  in  1893;  9,  i  57,000  tons  in  1892;  8,279,870  tons  in  1891  ;  and 
9,202,703  tons  in  1890.  The  production  in  1893  was  2,032,498  tons,  or  over 
22  per  cent.,  less  than  in  1892  ;  and  the  production  in  1894  was  467,1 14  tons, 
or  over  6)4  per  cent.,  less  than  in  1893.  The  production  in  the  first  half  of 
1894  was  2,717,983  tons,  and  in  the  last  half  of  1894  it  was  3,939,405  tons. 
The  total  production  of  pig  iron  in  1894  was  the  lowest  yearly  production 
since  1888. 

The  number  of  furnaces  which  were  in  blast  on  June  30,  1893,  imme- 
diately after  the  panic  of  that  year,  was  226;  by  December  31,  1893,  the 
number  in  blast  had  fallen  to  137  ;  on  June  30,  1894,  there  were  only  108  in 
blast;  on  December  31,  1894,  the  number  in  blast  had  increased  to  185. 

A  glance  at  the  transportation  interests  will  show  that  the  falling  off  of 
traffic  during  the  year  1894,  has  had  no  parallel  in  the  experience  of  the 
present  generation.  The  enormous  losses  of  income  thus  entailed  have 
not  only  told  severely  against  a  large  number  of  unfortunately  situated  or 
over-capitalized  railway  companies,  forcing  many  of  them  into  bankruptcy — 
but  have  also  operated  in  placing  a  decided  check  upon  railway  extensions 
in  almost  every  section  of  the  country ;  and  indirectly,  by  reason  of  the 
severe  economies  which  these  losses  have  enforced  upon  all  alike,  they 
have  checked  the  demand  for  railway  materials  and  supplies  to  an  extent 
which  even  the  most  pronounced  pessimist  would  scarcely  have  believed 
possible  at  the  close  of  1893.  Rail-makers,  locomotive-,  car-  and  bridge- 
builders,  accordingly  have  suffered  alike,  as  the  following  brief  statistical 
statements  will  demonstrate : 

Some  weeks  must  elapse  before  the  complete  record  of  new  railroad  con- 
struction will  be  available,  so  that  we  must  be  satisfied  at  this  time  with 
estimates,  which  may  be  accepted  as  approaching  closely  to  accuracy. 
I  present,  accordingly,  on  the  authority  of  the  Raikuay  Age,  the  following 
figures  of  the  probable  mileage  of  new  railroad  constructed  last  year.  For 
the  United  States  the  new  construction  is  estimated  to  have  been  1,919  miles, 
and  the  significant  comment  is  made  that  these  figures  are  the  lowest  of  any 
for  the  last  twenty  years.  In  the  last  five  years  the  new  mileage  was   respect- 

*An  abstract  from  the  report  of  the  Secretary  to  the  stated  meeting  of  the  Institute,  held  Jann. 
ary  i6,  1895. 
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ively  :   In  1890,    5,670  miles;  in  1891,4,282  miles;  in   1892,4,178  miles;  in 
1893,  2,635  miles  ;  •"  1894,    1,919  miles. 

¥:  =*:  -k  *  'Y\\^  diminished  figures  of  steel  rail  production  have  their 
explanation  in  the  condition  of  things  here  exhibited.  *  *  *  *  In  loco- 
motive building  the  same  story  is  repeated.  The  Railroad  Gazette  estimates 
that  the  decrease  in  the  number  of  locomotives  built  was  nearly  two- 
thirds  as  compared  with  the  previous  year.  Reports  from  thirteen  compa- 
nies, which  built  2,011  locomotives  in  1893,  give  their  output  in  1894  as  695. 
The  exhibit  made  by  the  car-  and  bridge-builders  is  even  worse,  but  I  will 
not  weary  you  with  the  details.  It  is  gratifying,  in  passing  from  these  dis- 
heartening proofs  of  extreme  industrial  depression,  to  note  the  very  general 
belief  that  the  worst  effects  of  this  depression  have  been  felt,  and  that  the 
present  year  will  witness  the  slow  but  steady  return  of  the  country  to  pros- 
perou.s  conditions. 

*  *  *  -sf  ^j^  engineering  work,  which  was  begun  in  1892,  and  which 
promises  to  have  important  results  for  the  city  of  Chicago,  was  considerably 
advanced  towards  completion  during  the  past  year.  I  refer  to  the  great 
Chicago  Canal,  which,  when  finished,  will  establish  communication  between 
the  waters  of  the  Great  Lakes  and  the  Gulf  of  Mexico.  The  general  char- 
acter of  this  undertaking  is  given  in  the  following  extract  from  the  Scientific 
American  : 

"  The  headwaters  of  the  Des  Plaines  River  lie  in  Wisconsin,  near  Lake 
Michigan.  The  river  runs  to  the  south  approximately  parallel  with  the  west- 
ern shore  of  the  lake,  and,  after  it  has  reached  the  parallel  of  Chicago, 
trends  to  the  southwest,  and,  passing  through  Joliet,  joins  its  waters  with  those 
of  the  Kankakee  River,  forming  the  Illinois  River.  The  combined  waters 
run  through  the  channel  of  the  Illinois  River  to  the  Mississippi,  emptying 
into  it  a  short  distance  above  the  mouth  of  the  Missouri  River.  Through  the 
city  of  Chicago  winds  the  small  stream  called  the  Chicago  River,  a  devious 
creek  with  several  branches.  This  enters  into  the  lake.  A  distance  of  a 
little  over  ten  miles  intervenes  between  the  lake  shore  and  the  Des  Plaines 
River  at  Chicago,  while  between  the  Chicago  River  and  Des  Plaines  River 
but  two  miles  intervenes.  At  present  much  of  the  sewage  of  Chicago  runs 
into  the  lake,  threatening  with  contamination  the  water  supply  of  the  city, 
notwithstanding  the  fact  that  the  intake  of  the  water  works  is  situated  some 
miles  out  in  the  lake.  Largely  to  avoid  this  contamination,  the  great  drain- 
age works  have  been  undertaken,     -x^    ^    ^    * 

"At  Chicago  there  is  a  true  divide,  the  waters  on  the  east  pouring  into  Lake 
Michigan,  and  on  the  west  reaching  the  Gulf  of  Mexico,  through  the  chan- 
nels of  the  Des  Plaines,  Illinois  and  Mississippi  Rivers.  Should  the  divide 
be  pierced,  the  waters  of  Lake  Michigan  would  run  into  the  Gulf  of  Mexico 
as  well  as  into  the  Gulf  of  St.  Lawrence,  and  an  internal  waterway,  from  the 
British  Provinces  through  the  St.  Lawrence  and  the  Great  Lakes  to  the  Gulf 
of  Mexico,  would  be  created.  At  present  work  is  being  done  on  this  connec- 
tion, and  if  all  goes  well,  by  1896,  the  city  of  Chicago  will  have  internal  water 
communication  with  the  Gulf  of  Mexico — which  she  will  be  able  to  utilize 
for  the  transportation  of  freight,  as  well  as  for  the  disposal  of  her  sewage." 
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The  estimated  cost  of  this  work  is  about  $22,000,000,  and  it  is  being  car- 
ried on  (principally)  by  the  State  of  Illinois,  with  partial  aid  of  the  Govern- 
ment. The  date  set  for  the  probable  completion  of  the  canal  is  November 
I,  1896. 

The  much-mooted  suggestions  for  enlarging  and  improving  the  canal  routes 
connecting  New  York  with  Philadelphia  and  Chesapeake  Bay,  are  gradually 
assuming  definite  shape,  and  there  is  now  a  reasonable  prospect  that  this 
work  may  soon  be  accomplished.  These  improvements  are  much  needed, 
and  the  expense  incurred  will  doubtless  be  justified  by  the  consequent 
increase  of  commerce.  I  quote  substantially  from  the  Scientific  American 
the  following  information  bearing  on  the  subject : 

"  The  city  of  Philadelphia  some  months  ago  appropriated  $10,000  to  be 
expended  in  making  preliminary  surveys  and  maps  preparatory  to  enlarging 
the  Delaware  and  Raritan  Canal,  and  this  has  been  followed  by  the  appro- 
priation of  a  like  amount  by  the  city  of  New  York,  for  the  same  purpose.  In 
addition  to  this  a  bill  is  now  before  Congress,  having  already  passed  the 
House  of  Representatives,  providing  for  the  appropriation  of  a  sufficient  sum 
of  money  to  commence  the  actual  work.  Plans  are  alsb  under  discussion  to 
enlarge  and  extend  the  Dismal  Swamp  Canal  and  the  Albemarle  and  Chesa- 
peake Canal. 

"  The  latest  report  of  the  surveyors  of  the  Delaware  and  Raritan  Canal 
stated  that  the  full  length  of  the  proposed  new  route  would  be  thirty-two 
miles.  The  surface  elevation  along  this  route  is  higher  than  in  the  case  of 
the  old  canal,  but  it  will  probably  be  selected  because  it  saves  the  building 
of  two  expensive  overhead  bridges.  The  new  canal  will  then  start  from 
Raritan  Bay,  cross  the  Raritan  River  about  eight  miles  below  New  Brunswick 
and  enter  the  Delaware  River  at  Bordentown.  Eleven  miles  of  its  length 
will  be  an  enlargement  of  the  old  canal.  The  other  twenty-one  miles  will 
be  an  original  excavation.  It  will  have  a  depth  of  24  feet,  a  bottom  width  of 
50  feet  and  a  surface  width  of  160  feet.  It  will  be  provided  with  two  opening 
locks  500  by  60  feet,  and  four  lift  locks  with  a  total  lift  of  50  feet.  The  entire 
cost  has  been  estimated  at  $12,500,000.  Of  this  amount  $50,000  will  be 
expended  in  deepening  the  channel  of  the  Delaware  River  between  Phila- 
delphia and  Bordentown. 

"  It  is,  furthermore,  proposed  to  make  connections  with  the  Dismal 
Swamp  Canal,  and  to  widen  and  deepen  this  canal  in  a  similar  way.  The 
Dismal  Swamp  Canal  commences  at  Deep  Creek,  Norfolk.  Va.,  and  extends 
in  a  southerly  direction  to  South  Mills,  N.  C,  near  the  head  waters  of  the 
Pasquotank  River,  which  empties  into  Albemarle  Sound.  The  canal  proper 
is  22  miles  long  and  60  feet  wide,  and  is  provided  with  five  locks.  It  has  an 
average  depth  of  8  feet.  It  extends  from  deep  water  to  deep  water.  An 
enlargement  is  being  planned.  It  is  proposed  to  give  it  an  average  depth  of 
10  feet  and  provide  two  locks,  one  at  either  end,  to  be  250  feet  long  and  40 
feet  wide.    The  estimated  expense  of  these  improvements  w-ill  be  $5,000,000. 

"The  Albemarle  and  Chesapeake  Canal  connects  the  waters  of  the 
southern  branch  of  the  Elizabeth  River,  which  has  its  mouth  at  Norfolk, 
with  the  North  Landing  River  and  North  River.     The  canal  is  14  miles  long 


148  Notes  and  Coinmcnts.  [j.  y.  I., 

and  has  an  average  depth  of  8  feet.  The  present  owners  propose  to  enlarge 
this  to  about  the  size  of  the  others,  so  that  large  ships  may  pass  through  the 
entire  system." 

The  approaching  completion  of  the  Canadian  Sault  Ste  Marie  Canal  is  an 
event  worthy  of  notice,  from  the  fact,  as  the  Iron  Age  points  out,  that  it  will 
constitute  practically  the  last  link  in  a  chain  of  waterways  on  Canadian  ter- 
ritory that  has  cost  the  debt-burdened  Dominion  over  $67,000,000,  and 
which,  at  no  distant  day,  will  allow  ocean  vessels  passage  to  the  northern 
lakes.  There  are  still  to  be  completed  some  unimportant  links  on  the  lower 
St.  Lawrence,  which,  however,  will  entail  no  serious  additional  outlay. 
When  it  is  considered  that,  of  the  present  enormous  traffic  of  the  old 
Sault  Canal  (on  the  American  side),  and  which,  in  1893,  amounted  to 
10,796,000  tons  of  freight  carried  in  12,80c  vessels,  and  valued  at  j^  146, 500,- 
000,  only  five  per  cent,  was  in  Canadian  vessels,  the  conclusion  is  obvious 
that  the  object  of  these  vast  expenditures  is  to  make  the  Dominion  of  Canada 
independent  of  the  United  States  in  the  possession  of  its  own  highway  to  and 
from  the  northern  lakes  and  the  ocean. 

Incidentally,  it  may  be  of  interest  to  call  attention  to  the  fact  that  the 
traffic  of  the  present  American  canal  for  the  past  few  years  has  exceeded 
that  of  the  Suez  Canal.  In  1893,  for  example,  the  tonnage  passing  the  latter 
was  7,650,000,  or  3,000,000  tons  less  than  that  passing  through  the  former. 

The  contracts  for  a  notable  engineering  work  were  given  out  at  the  close 
of  the  year  by  the  New  York  and  Long  Island  Bridge  Company.  The  com- 
pany proposes  to  erect  a  bridge  across  the  East  River  from  Sixty-fourth  Street, 
New  York,  by  way  of  Blackwell's  Island,  to  Long  Island.  The  structure,  as 
planned,  will  be  a  four-track  railway  bridge,  having  two  main  channel  spans 
of  846  feet  each,  with  a  span  over  the  island  of  613  feet,  and  cantilever  arms 
at  the  ends  of  192  feet,  which  would  make  the  total  length  of  the  bridge 
proper  2,689  ^'^^t*  The  New  York  approach  will  be  about  2,000  feet  long, 
and  the  Long  Island  approach  about  5,000  feet.  Including  the  approaches, 
therefore,  the  structure  will  have  a  total  length  of  9,690  feet.  About  50,000 
tons  of  steel  will  be  required  in  the  superstructure. 

The  bridging  of  the  Hudson  River,  at  New  York,  has  been  seriously  pro- 
posed, and  the  Government  engineers  have  sanctioned  two  propositions,  one 
for  a  cantilever  structure  with  two  river  piers,  and  the  other  for  a  suspension 
bridge.  Both  of  these  contemplate  a  structure  having  clear  headway  of  150 
feet,  so  as  to  constitute  no  impediment  to  free  navigation.  The  estimated 
cost  of  these  enormous  bridges  is  $23,000,000  and  $35,000,000,  respectively. 
The  consensus  of  engineering  opinion  respecting  the  relative  merits  of  these 
plans  favors  the  cantilever  structure. 

The  necessary  preliminary  concessions  have  been  granted  for  the  con- 
struction of  a  railroad  bridge  over  the  Delaware  River  from  a  point  below 
Bridesburg  on  the  Pennsylvania  side,  to  Fisher's  Point,  on  the  Jersey  shore. 
The  bridge  is  to  be  constructed  by  the  Pennsylvania  Railroad.  The  plan 
approved  by  the  Government  engineers  and  the  City  Councils  is  as  follows  : 
The  approach  of  the  Pennsylvania  side  will  begin  at  Frankford  Junction, 
on  the  New  York  Division  of  the  Pennsylvania  Railroad,  and  will  connect 
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with  the  Camden  and  Amboy  Railroad  at  Fish  House  Station,  on  the  New 
Jersey  side.  The  bridge  will  be  1,950  feet  in  length,  and  will  have  a  double- 
track  line  of  railroad,  to  be  built  at  a  clear  height  of  fifty  feet  above  high 
water.  The  width  will  be  thirty-four  feet  over  all.  It  will  be  constructed  of 
steel  and  will  be  supported  by  six  piers  of  masonry,  rising  fifty  feet  above  the 
water.  The  bridge  will  have  three  fixed  spans,  540  feet  in  length,  and  a  draw 
span  of  330  feet  over  all,  providing  for  two  clear  openings  of  125  feet  each  in 
the  river  channel.  The  piers  under  the  fixed  spans  will  be  built  of  granite, 
sixty-seven  feet  long  and  twenty-one  feet  wide,  standing  forty-five  feet  in 
height  above  high  water.  The  approach  of  the  bridge  on  the  Pennsylvania 
side  of  the  river  will  be  two  miles  in  length,  and  on  the  New  Jersey  side  one- 
half  mile  in  length. 

The  Philadelphia  Trades  League,  it  may  be  noted,  has  filed  a  protest 
with  the  Secretary  of  War  against  the  construction  of  the  bridge  on  this 
general  plan,  on  the  ground  that  a  structure  with  so  small  an  elevation  as 
fifty  feet  would  form  a  serious  obstacle  to  the  navigation  of  the  river,  and 
would  greatly  diminish  the  value  and  check  the  future  development  of  the 
nearly  five  and  a  half  miles  of  river  front  within  the  city  limits  above  the  site 
of  the  proposed  bridge.  To  avoid  this  serious  objection,  the  Trades  League 
asks  that  the  height  of  the  bridge  be  made  seventy  feet  instead  of  fifty  feet. 

A  commission  has  been  appointed  by  the  French  Government  to  examine 
and  report  upon  the  feasibility  of  a  scheme  for  a  ship  canal  to  unite  the 
waters  of  the  Atlantic  with  those  of  the  Mediterranean  Sea.  The  route  of 
the  proposed  canal  would  cut  across  the  neck  of  land  joining  the  great 
Spanish  Peninsula  with  the  mainland  ;  the  termini  of  the  line  would  be, 
respectively,  Bordeaux  on  the  Atlantic  and  Narbonne  on  the  Mediterranean. 
This  canal,  if  of  sufficient  size  to  accommodate  ocean-Journeying  steam  ves- 
sels, would  cut  ofT  about  two-thirds  of  the  distance  from  the  English  Channel 
to  Suez,  as  compared  with  the  present  sea  route  skirting  the  Bay  of  Biscay 
and  the  coast  of  Spain,  since  vessels  from  the  North  Atlantic  to  the  Medit- 
erranean and  vice  versa  would  be  able  to  make  the  short  cut  through  the 
canal  instead  of  going  around  the  coast  of  Spain.  It  is  interesting  to  note 
that  this  is  the  third  time  that  this  project  has  been  made  the  subject  of  inves- 
tigation by  the  French  Government,  the  persistance  of  its  advocates  being  due 
most  probably  to  the  belief  that  the  canal  would  afford  the  advantage  of 
giving  the  vessels  of  the  French  Navy  a  passage  either  into  the  Atlantic  or  the 
Mediterranean  without  running  the  gauntlet  of  Gibraltar.  Two  commis- 
sions have  already  reported  the  project  to  be  impracticable,  on  the  ground  of 
excessive  cost  of  execution. 

*  *  *  In  the  field  of  electrical  engmeering,  by  far  the  most  interesting 
enterprise  is  that  of  the  Niagara  Falls  Power  Company,  with  the  general 
character  of  which  you  are  all  familiar.  The  problems  to  be  solved  in  con- 
nection with  the  electric  transmission  have  involved  the  most  exhaustiv^e  and 
painstaking  studies  of  theoretical  questions  connected  with  the  design  and 
construction  of  generators  to  insure  the  selection  of  the  type  and  system  of 
transmission  which  will  realize  the  highest  practical  efficiency.  In  the 
determination  of  these  questions  the  opinions  of  men  of  the  highest  scien- 
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tific  repute  were  sought  and   obtained,  and  the  result  of  these  very  thorough 
preliminary  inquiries  will  shortly  be  apparent. 

The  great  power-house  is  now  complete,  the  turbines  and  vertical  shafts 
up  to  the  floor  of  the  power-house  have  long  been  in  place,  and  the  three 
great  dynamos  of  5,000  horse-power  each,  built  by  the  Westinghouse  Com- 
pany, from  the  designs  of  Prof.  George  Forbes,  are  finished  and  ready  to  be 
finally  put  in  place. 

It  is  stated  that  the  first  plant  to  be  supplied  with  current  from  the  Niagara 
installation  will  be  the  aluminum  manufactory  of  the  Pittsburgh  Reduction 
Company — the  owners  of  the  Hall  patents  for  the  electrolytic  production  of 
the  metal  from  a  bath  of  fused  fluorides,  in  which  the  oxide  of  aluminum  is 
dissolved.  For  the  purpose  of  this  manufacture,  the  2,000  volts  two-phase 
alternating  current  generated  by  the  Power  Company's  dynamos,  requires  to 
be  converted  into  a  continuous  current  of  160  volts,  which  is  accomplished 
by  transformers  applied  in  a  novel  manner.  The  company  will  begin  opera- 
tions with  an  available  supply  of  2,000  horse-power,  and  should  then  be  able 
to  supply  the  numerous  and  growing  demands  of  the  industries  for  alu- 
minum at  prices  low  enough  to  admit  of  its  use  on  a  far  more  extensive  scale 
than  has  hitherto  been  permissible. 

The  Carborundum  Company,  also,  has  made  arrangements  for  using  i,ooa 
horse-power.  This  company,  it  will  be  remembered,  manufactures  a  com- 
pound of  carbon  and  silicon  by  the  electric  furnace  method,  and  the  product, 
though  the  fruit  of  a  comparatively  recent  discovery,  has  already  assumed  an 
important  place  in  the  arts,  as  an  abrasive  material. 

Other  enterprises  of  similar  character,  although  of  less  magnitude,  are 
under  way.  Of  these,  a  notable  one  is  the  electric  power  transmission 
plant  at  the  falls  of  the  Willamette  River,  near  Portland,  Ore.,  where  a  great 
long-distance  transmission  is  being  installed.  This  plant,  when  completed,, 
will  employ  twenty  electric  generators,  each  of  600  horse-power,  and  capable, 
therefore,  of  delivering  the  total  amount  of  nearly  12,000  horse-power  to 
Portland,  eleven  miles  distant.  A  similar  project  for  supplying  4,000  horse- 
power to  the  city  of  Sacramento,  Cal.,  from  a  water-power  situated  about 
twenty-five  miles  distant,  is  approaching  completion.  The  preliminary  steps 
are  being  taken  for  the  construction  of  an  electric  power  transmission  plant 
to  utilize  the  water-power  of  the  Susquehanna  River.  The  plan  is  fathered 
by  a  corporation  called  the  Susquehanna  River  Electric  Company,  and 
contemplates  the  damming  of  the  Susquehanna  River  near  Conowingo,  Md.» 
and  the  erection  of  a  large  electric  power-house,  similar  to  the  one  at  Niagara 
Falls.  The  power  obtained  in  this  way  will  be  supplied  to  Philadelphia,. 
Wilmington  and  Baltimore,  and  other  intermediate  points.  It  is  expected 
that  it  will  be  used  extensively  in  operating  street  railways  and  electric  lights. 
The  land  at  the  proposed  site  of  the  dam  has  been  purchased,  the  surveys 
have  already  been  made,  and  the  plans  have  been  made  for  an  immense 
plant.  It  is  announced  that  this  work  will  be  started  in  the  spring  of  the 
present  year.  Other  projects  of  like  character  are  being  industriously 
mooted  in  the  electrical  journals,  and  it  will  need  only  the  encourage- 
ment of  success  in  the  several  undertakings  now  approaching  completion 
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to  bring  a  number  of  others  to  the  fore.  It  remains  only  to  be  added 
that  the  advances  that  have  been  achieved  within  the  past  few  years  in  the 
solution  of  questions  of  dynamo  construction,  have  radically  changed  the 
aspect  of  the  problem  of  electric  power  transmission,  and  it  is  now  reasona- 
bly safe  to  predict  that  we  are  on  the  eve  of  a  departure  from  the  existing 
order  of  things  which  may  profoundly  affect  our  present  social  and  industrial 
conditions. 

The  past  year  witnessed  a  remarkable  extension  of  the  overhead  trolley 
system,  not  only  for  city  and  suburban  service,  but  also  on  long-distance 
lines.  The  most  noteworthy  of  those  extensions  probably  was  made  in  our 
own  city,  where  the  completion  and  starting  in  operation  of  a  great  network 
of  surface  electric  railways  has  taken  place.  A  similar  transformation  has 
been  made  in  the  street  railway  systems  of  Baltimore  and  New  Orleans,  and 
the  projects  for  long-distance  electric  railways  that  are  under  consideration, 
or  in  course  of  completion,  arc  too  numerous  to  mention.  Thus,  for  instance, 
only  a  few  links  are  missing  in  a  continuous  chain  of  trolley  lines  between 
Philadelphia  and  New  York ;  while  trolley  service  between  Philadelphia  and 
Harrisburg,  Baltimore  and  Washington,  Chicago  and  Milwaukee,  will  doubt- 
less be  established  during  the  present  year. 

While  on  this  subject,  the  experimental  work  undertaken  in  New  York 
by  the  Metropolitan  Street  Railway  Company  in  the  development  of  a  satis- 
factory underground  electric  conduit  system  adapted  for  city  service,  is  worthy 
of  mention  ;  also,  the  fact  that  an  extensive  underground  electric  system  is 
about  to  be  constructed  in  Washington.  In  Chicago,  work  is  well  under 
way  on  a  complete  elevated  electric  railway  system. 

Of  special  interest,  also,  is  the  fact  that  a  number  of  the  steam  railways 
are  seriously  considering  the  electric  equipment  of  short  branch  lines,  which, 
in  several  cases,  has  either  been  done,  or  is  being  undertaken.  The  much- 
talked-of  project  of  a  high-speed  elevated  electric  railway  between  Chicago 
and  St.  Louis,  it  is  understood,  has  been  definitely  abandoned. 

It  would  be  interesting  to  have,  at  this  time,  the  statistics  of  the  electric 
railway  mileage  of  the  United  States,  to  exhibit  the  remarkable  progress  that 
is  being  made  in  this  branch  of  our  transportation  system,  but  the  data  are 
not  as  yet  accessible. 

In  relation  to  the  storage  battery,  though  no  radical  improvement  in  con- 
struction has  appeared,  the  experience  gained  in  connection  with  its  auxiliary 
employment  at  central  stations,  has  demonstrated  that  there  may  be  opened 
for  it  in  this  direction  a  wide  field  of  usefulness.  The  prolonged  and  almost 
continual  litigation  over  the  question  of  patent  rights  has,  up  to  the  present, 
greatly  interfered  with  the  proper  development  of  the  storage  battery  in  this 
country.  Within  the  past  few  weeks,  however,  the  official  announcement 
has  appeared  that  one  of  the  prominent  companies  has  acquired  a  practical 
ownership  of  the  fundamental  storage  battery  patents.  As  the  transfer  of 
these  patent  rights  to  a  single  ownership  will  put  an  end  to  the  deplorable 
legal  complications  which  heretofore  have  deterred  the  public  from  taking 
any  interest  in  the  application  of  the  storage  battery,  there  is  at  length  a  pros- 
pect that  the   free  development  of  the  industry  will  be  unhindered,  and  that 
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we  may  soon  learn  what  are  the  real  capabilities  of  this  interesting  type  of 
apparatus. 

Diirin<j^  the  past  year  a  successful  trial  on  the  Erie  Canal  of  the  method  of 
electric  traction  for  canal  towage  attracted  considerable  attention,  and  led 
many  to  believe  that  steps  would  be  taken  promptly  to  test  the  efficiency  of 
the  system  on  a  more  extended  scale.  Thus  far,  however,  nothing  of 
importance  has  developed  in  connection  therewith  on  this  side  of  the 
water,  although  it  may  be  of  interest  to  notice  the  fact  that  a  successful 
trial  of  the  De-Bovet  system  of  electric  traction  for  canal  boats  recently 
took  place  on  the  St.  Denis  Canal,  in  France.  A  series  electric  motor 
actuated  the  towing  pulley,  a  fourteen  millimeter  chain,  placed  at  the  bottom 
of  the  canal,  being  carried  over  the  pulley  to  the  extent  of  three-quarters 
of  a  turn,  although  half  a  turn  suffices.  A  two-wire  circuit  running  along 
the  bank  of  the  canal  was  connected  to  a  iio-volt  generator  driven  by 
a  locomotive  engine.  The  current  was  collected  by  means  of  two  trolleys 
running  along  the  wires  and  connected  to  the  motor  by  a  flexible  cable,  which 
was  passed  over  a  pulley  at  the  top  of  the  mast  of  the  boat.  The  trial  was 
completely  successful,  and  showed  that  for  an  expenditure  of  2,000  watts  it 
was  possible  to  make  a  300-ton  barge  move  at  the  rate  of  2*8  kilometers  per 
hour.  The  getting  under  way  took  place  without  shock,  and  the  normal  speed 
was  rapidly  reached. 

The  decision  of  Judge  Carpenter,  of  the  United  States  Circuit  Court,  in 
the  suit  instituted  by  the  Attorney-General  of  the  Uuited  States  against  the 
Bell  Telephone  Company,  praying  for  the  repeal  of  the  letters-patent  No. 
463,569,  issued  November  7,  1891,  to  Emil  Berliner,  and  assigned  to  the 
company  above  named,  has  brought  to  a  termination  a  case  of  unusual 
importance,  not  only  in  reference  to  its  bearing  on  the  telephone  business, 
but  also  because  of  its  disclosure  of  methods  and  usages  in  vogue  in  the 
United  States  Patent  Office,  which  call  peremptorily  for  substantial  reform. 

The  decision  of  the  Court  was  favorable  to  the  contention  of  the  plaintiff, 
and  the  Berliner  patent  was  accordingly  decreed  to  be  void,  and  was  ordered 
to  be  delivered  up  to  be  cancelled.  The  effect  of  the  decision — if  it  should 
be  sustained  on  an  appeal,  which  will  doubtless  be  taken — will  be  to  throw 
open  to  the  public  all  the  essential  elements  of  the  art  of  telephoning.  The 
present  status  of  the  art,  in  view  of  this  decision,  is  concisely  summarized  in 
a  recent  editorial  abstract  which  appears  in  the  Electrical  World,  from  which 
I  quote  the  following  paragraph  : 

"  By  reference  to  the  detailed  examination  of  the  situation,  it  will  be  seen 
that  at  present  all  forms  of  telephone  receivers  and  transmitters  are  free,  and 
on  January  15th  the  valuable  patent  on  the  use  of  the  induction  coil  with  the 
transmitter  will  expire.  As  a  consequence,  private  lines  may  be  installed  and 
operated  under  the  most  advantageous  circumstances.  The  situation  as  to 
large  exchange  stations,  however,  is  still  much  involved,  and,  owing  to  the 
multiplicity  of  patents  concerned  and  the  scant  knowledge  on  the  subject  of 
the  requirements  of  exchanges  outside  of  the  Bell  companies,  it  will  be  some 
time  before  it  can  be  cleared  up.  It  now  seems  that  there  would  be  much 
difficulty  in  economically  operating  any  exchange  of  considerable  size  with- 
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out  the  aid  of  switchboard  and  other  devices  covered  by  Hell  patents.  When, 
however,  the  difficulties  to  be  overcome  are  clearly  defined  and  understood, 
the  matter  will  come  within  the  province  of  the  inventor,  and  the  conditions 
would  have  to  be  singular  indeed  if  some  method  of  meeting  them  could  not 
be  eventually  devised.  But  if  this  should  be  done,  it  does  not  follow  that 
competition  with  the  present  local  telephone  companies  would  be  a  simple 
matter.  Their  prior  occupation  of  the  field,  the  sagacious  preparations- 
extending  over  a  course  of  years,  that  were  made  with  a  view  to  prospective 
competition,  united  with  a  highly  trained  and  efficient  force,  and  exchanges  in 
which  the  subject  of  economy  of  operation  has  been  most  exhaustively  con- 
sidered— all  of  this  renders  successful  competition  a  question  that  cannot  be 
taken  for  granted." 

This  litigation  brought  out  most  conspicuously  one  fact  which,  though 
familiar  enough  to  those  who  are  versed  in  the  patent  law  and  the  modes  of 
procedure  that  obtain  in  the  Patent  Office,  the  layman  will  learn  with  amaze- 
ment. The  record  of  this  now  famous  case  exhibits  that  the  application  for 
the  patent  was  filed  June  4,  1877,  and  that  the  patent  was  not  issued  until 
November  17,  1891,  or  more  than  fourteen  years  after  the  date  of  filing.  It  is 
thus  shown  to  be  possible,  by  the  dexterous  use  of  legal  procedures  which  the 
usages  of  the  Patent  Office  permit,  for  an  attorney  to  delay  almost  indefinitely 
final  action  upon ,  and  the  issue  of,  a  patent,  whenever  the  interests  of  his  client 
will  be  served  by  such  delay.  As  I  have  already  intimated,  this  is  no  news  to 
the  fraternity  of  patent  attorneys,  any  one  of  whom  will  be  able  to  state  from 
the  experience  of  his  own  practice  that  the  record  of  this  case,  far  from  being 
in  this  respect  exceptional,  could  be  duplicated.  Without  venturing  upon  a 
consideration  of  the  expediency  of  investing  the  Commissioner  of  Patents 
with  judicial  powers  capable  of  such  extraordinory  exercise,  I  believe  I  affirm 
the  opinion  of  every  intelligent  and  unprejudiced  layman  in  saying  that  the 
state  of  affairs  which  this  case  has  disclosed  constitutes  an  intolerable  abuse 
which  was  never  coptemplated  by  the  framers  of  the  patent  laws,  and  which 
calls  for  prompt  and  radical  correction.  The  decision  of  Judge  Carpenter 
fortunately  paves  the  way  for  this  much-needed  reform,  inasmuch  as  one  of  the 
grounds  on  which  he  decreed  the  Berliner  patent  to  be  void  was  the  unwar- 
rantable and  unlawful  delay  in  the  issue  of  the  patent  which  was  intention- 
ally acquiesced  in  by  the  Bell  Company,  and  which  thus  constituted  a  fraud 
practiced  upon  the  public. 

In  the  field  of  electro-chemistry,  there  has  been  an  unusual  amount 
of  activity,  and  the  application  of  electrolytic  methods  in  the  service  of 
the  chemical  and  metallurgic?.l  industries  has  made  substantial  progress. 
During  the  past  year  an  enormous  electric  refining  plant  was  erected  at  the 
works  of  the  Anaconda  Copper  Mining  Company,  in  Montana,  for  refining 
the  entire  output  of  those  mines.  The  electrolytic  production,  by  various 
processes,  of  caustic  soda  and  bleach  from  salt ;  the  purification  of  sewage 
by  electrolytic  means ;  the  electric  tanning  of  leather :  the  electrolytic  pro- 
duction of  chlorate  of  potassium  from  the  chloride  ;  of  white  lead,  by  decom- 
posing alkaline  salts  with  lead  electrodes  in  the  presence  of  carbonic  anhy- 
dride ;  these  and  numerous  other  problems  in  industrial  chemistry  have  been 
attacked  with  considerable  success. 
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The  brilliant  work  of  Moissan  with  the  electric  furnace  has  shown  the 
feasibility  of  producing  with  this  agency  most  of  the  rarer  metals  with  com- 
parative ease,  in  considerable  quantities,  and  in  a  state  of  purity.  The  abra- 
sive material  called  carborundum — one  of  the  latest  and  most  interesting 
products  of  the  electric  furnace — has  already  acquired  an  important  rank  in 
the  industries  and  is  now  manufactured  in  large  quantities.  The  interesting 
discovery  of  a  cheap  method  of  manufacturing  acetylene  in  quantity  by 
exposing  an  intimate  mixture  of  lime  and  carbon  to  the  intense  heat  of  the 
electric  arc  in  a  furnace  of  this  type,  has  been  brought  to  your  notice  so 
recently  that  extended  reference  to  the  very  important  industrial  bearing  of 
the  discovery  will  be  unnecessary.     *     •'^^     * 

The  great  problem  of  converting  the  potential  energy  of  coal  directly 
into  electrical  energy,  without  the  wasteful  intervention  of  the  steam  engine, 
has  received  the  thoughtful  attention  of  many  investigators,  and  though  its 
satisfactory  solution  has  not  yet  been  found,  so  much  light  has  been  thrown 
upon  the  subject  that,  at  the  present  time,  we  know  much  more  about  the 
conditions  that  govern  success  or  failure,  than  a  few  years  ago.  The  first 
serious  effort  towards  the  solution  of  the  question  was  made  about  ten  or 
twelve  years  ago  by  Mr.  Edison  with  his  thermo-electric  generator,  in  which 
he  sought  to  attain  the  desired  end  by  apparatus  of  highly  ingenious  con- 
struction, in  which  the  operative  feature  was  the  magnetization  and  demag- 
netization of  iron  by  rapid  alternations  of  temperature.  By  the  well-known 
law  of  induction,  these  alternations  of  magnetic  intensity  were  utilized  to 
generate  induced  currents  in  surrounding  coils.  This  idea,  promising  as  it 
appeared  when  first  announced,  its  originator  does  not  appear  to  have  made 
any  further  attempt  to  develop  in  practice.  What  the  estimated  efficiency  of 
this  machine  was,  I  do  not  at  present  recall,  but  it  is  tolerably  safe  to  infer 
that  it  was  considerably  below  that  realized  from  coal  through  the  agency  of 
the  steam  engine,  otherwise  something  more  would  have  been  heard  of 
the  invention. 

The  improvement  of  the  older  and  better  known  thermo-electric  genera- 
tors, in  which  a  series  of  compound  bars  or  plates  formed  of  dissimilar  metals, 
and  heated  at  their  points  of  union,  is  caused  to  generate  a  current,  appears 
also  to  have  been  abandoned  as  a  practicable  means  of  solving  the  problem. 

In  view  of  the  fact,  therefore,  that  the  problem  seems  to  be  hopeless  of 
solution  from  the  physical  side,  it  is  particularly  interesting  to  note  that  within 
the  past  year  the  opinion  has  gained  ground  that  we  may  reasonably  hope  to 
solve  it  from  the  chemical  side.  The  correlation  between  chemical  and 
electrical  energy  is  a  well-established  fact  of  science,  and,  in  the  case  of  many 
substances — carbon  among  them — is  capable  of  being  expressed  quantita- 
tively and  with  as  great  accuracy  as  the  relation  between  heat  and  mechanical 
force,  which  finds  its  mathematical  expression  in  the  figures  representing  the 
mechanical  equivalent  of  heat.  In  the  voltaic  cell,  as  is  well  known,  the 
electric  energy  developed  is  derived  from  the  direct  conversion  of  the  energy 
of  chemical  combination,  and  the  quantity  of  the  one,  which  it  is  possible  to 
realize  from  an  electrolytic  cell  formed  of  any  pre-determined  elements,  may 
be  calculated,  in  terms  of  the  other,  with  the  same  accuracy  as  the  possible 
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mechanical  energy  which  can  be  developed  from  the  combustion  of  a  ton  of 
coal.  The  solution  of  the  problem  of  converting  the  potential  chemical 
energy  of  coal  directly  into  electrical  energy,  resolves  itself,  along  this  line  of 
research,  into  the  construction  of  voltaic  cell  in  which  the  "cold"  combus- 
tion of  carbon  shall  be  effected  with  an  efficiency  approximating  nearly  to 
that  which  theory  demands. 

Theoretically,  this  mode  of  solving  the  problem  is  attended  with  no  diffi- 
culties;  practically,  it  presents  many,  but  not  insuperable,  difficulties. 
Indeed,  although  this  field  of  investigation  has  only  recently  attracted  serious 
attention,  substantial  progress  has  been  made  towards  the  actual  accomplish- 
ment of  the  object  in  view.  I  will  refer  you,  in  substantiation  of  this  state- 
ment, to  the  recently  published  experiments  of  Dr.  W,  Borchers,  of  Duis- 
burg,  Germany,  who  has  devised  a  cell  for  the  purpose  in  which  twenty-seven 
per  cent,  of  the  energy  of  combustion  of  the  fuel  (in  this  case  the  combina- 
tion of  CO  and  O)  is  converted  into  available  electrical  energy.  When  it  is 
considered  that  these  experiments  represent,  practically,  the  first  serious 
attempts  at  the  solution  of  the  problem  by  this  method,  these  results  must 
impress  themselves  upon  thoughtful  persons  as  very  encouraging  ;  especially 
significant  do  they  appear,  when  it  is  remembered  that  the  best  results  which 
it  has  been  possible  to  realize  by  the  indirect  method  of  generating  electric 
currents  from  coal  by  the  intervention  of  the  steam  boiler  and  engine  repre- 
sent only  about  fifteen  per  cent,  of  the  stored-up  energy  of  the  fuel. 

In  a  paper  before  the  German  Electro-Chemical  Society,  Dr.  Borchers 
described  and  illustrated  two  practical  forms  of  electrolytic  cells,  one  for 
using  carbonic  oxide  gas,  and  the  other  for  coal  dust,  and  concluded  by 
affirming  his  belief  that  "  the  problem  of  the  cold  combustion  of  the  gase- 
ous products  of  coal  and  oil,  in  a  gas  battery,  and  its  direct  conversion  into 
electrical  energy,  can  certainly  be  accomplished,"  a  statement  which,  in  view 
of  what  he  has  already  demonstrated,  appears  to  be  quite  reasonable. 

In  the  field  of  industrial  chemistry,  I  may  supplement  my  comments  on 
the  progress  made  in  solving  numerous  problems  in  commercial  electrolysis, 
by  reference  to  the  interesting  discovery  of  Messrs.  Cross,  Bevan  &  Beadle, 
of  certain  new  reactions  of  cellulose  (wood  fibre),  yielding  derivatives  which 
are  found  to  be  susceptible  of  many  uses  in  the  industries,  and  which  give 
promise  of  even  more  extensive  and  valuable  applications  than  that  protean 
material,  celluloid.  The  material  is  available  in  six  different  forms  :  the  crude 
solution,  dense  cellulose  in  the  mass,  separate  films  and  sheets,  films  and 
sheets  on  cloth  backing,  porous  cellulose,  and  various  admixtures  of  cellulose 
with  foreign  substances.  The  number  and  variety  of  uses  suggested,  and, 
in  fact,  partly  realized  for  these  products,  are  legion,  and  instead  of  enu- 
merating them,  I  will  refer  you  to  the  paper  of  Mr,  A.  D.  Little  on  the  sub- 
ject, read  before  the  Institute  early  last  year  and  published  in  the  Journal. 
Ik    'k     'k 

In  the  aluminum  industry  no  pronounced  advance  may  be  reported.  The 
electrolytic  methods  of  production,  represented  by  the  Hall  process  in 
America,  and  the  closely -related  methods  of  Herault-Kiliani  and  Minet  in 
Europe,  still  afford  the  cheapest  means  of  producing   the  metal.     The  out- 
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look  for  any  material  cheapening  of  the  cost  of  producing  this  metal  is  not 
very  promising.  The  present  electrolytic  methods  are  susceptible  of  very 
little  improvement,  and  the  prospect  for  cheaper  aluminum  depends  either 
on  the  discovery  of  some  radically  new  mode  of  generating  electric  current, 
or  of  some  very  greatly  improved  method  of  producing  the  metal  by  chemical- 
metallurgical  means.  As  the  utilization  of  the  energy  of  our  great  water 
powers  promises  to  afford  power  at  a  cost  of  less  than  one-eighth  of  a  cent 
per  electric  horse-power  per  hour,  there  would  seem  to  be  very  little  hope  for 
reduction  of  cost  in  this  direction.  The  probability  that  a  chemical  method 
will  be  discovered  that  will  be  capable  of  yielding  the  metal  at  lower  cost 
than  the  present  electrolytic  process,  it  must  be  confessed,  is  extremely  small. 
The  possibility  that  such  a  discovery  will  ultimately  be  made,  however, 
exists,  and  those  who  are  best  qualified  to  pass  an  opinion  on  this  interesting 
subject  incline  strongly  to  the  view  that  the  cheapening  of  the  cost  of  pro- 
ducing aluminum  will  be  brought  about  by  chemical  methods  which  will 
enable  us  either  to  make  the  commercially  pure  metal  directly  from  its  ores 
by  a  furnace  process,  or  which  will  enable  the  electric  manufacturers  to  pro- 
duce the  pure  metal  from  the  crude  ores  without  the  expensive  preliminary 
purification  which  is  now  a  large  item  in  the  cost  of  manufacture. 

Substantial  advances  have  been  made  in  connection  with  the  production 
of  alloys  of  aluminum,  which  are  finding  application  in  the  manufacture  of 
engineering,  physical  and  draughting  instruments,  fine  balances,  domestic 
sanitary  and  plumbing  appliances,  etc. 

The  complete  solution  of  the  problem  of  soldering  aluminum  seems  to  be 
opposed  by  the  serious  obstacle  of  the  high  electro-positive  nature  of  the 
metal.  The  method  proposed  by  Mr.  Joseph  Richards,  a  member  of  this 
Institute,  in  which  a  small  percentage  of  phosphorus  is  introduced  into  the 
solder  employed,  appears  to  have  given  more  uniformly  satisfactory  results 
than  any  other  that  has  thus  far  been  proposed,  though  it  must  be  said  that  it 
still  leaves  much  to  be  desired. 

The  use  of  aluminum  for  kitchen  utensils  is  steadily  extending,  and  at 
present  is  the  basis  of  a  considerable  industry.  The  suitability  of  the  metal 
for  vessels  employed  in  the  preparation  of  food  has  been  made  the  subject 
of  exhaustive  investigation,  and  the  consensus  of  opinion  is  now  entirely 
favorable  to  it.  From  present  indications,  it  appears  highly  probable  that  in 
the  course  of  a  few  years  the  consumption  of  aluminum  for  kitchen  ware 
will  exceed  the  requirements  of  any  other  industry  in  which  this  metal  is  used. 

A  few  years  ago  a  favorite  subject  of  discussion  in  the  technical  journals 
was  the  question  of  the  permanency  of  the  supply  of  natural  gas.  To-day 
the  question  is  already  practically  answered  by  the  actual  exhaustion  of  the 
supply  in  parts  of  Pennsylvania  and  Ohio,  and  its  rapid  diminishment  in 
others;  while  in  Indiana  the  signs  of  impending  exhaustion  have  already 
made  themselves  apparent  in  the  great  reduction  of  pressure.  The  fact  is 
now  fully  demonstrated  that  the  productive  gas  areas  are  limited  in  extent, 
and  that  the  available  supply  is   a  rapidly  diminishing  quantity. 

The  recent  revival  of  interest  in  the  subject  of  aerial  flight  is  a  note- 
worthy circumstance,   and  within    the    past  few   years   a  really  astonishing 
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amount  of  progress  has  been  made  toward  the  practical  solution  of  this  prob- 
lem. The  names  which  figure  most  prominently  in  this  interesting  field  of 
research  are  those  of  Langley  and  Maxim.  The  recent  experiments  of  the 
last  named  investigator  upon  a  machine  of  large  size  attracted  widespread 
attention.  They  appear  to  have  fairly  demonstrated  the  following  facts  : 
That  a  machine  carrying  its  own  engine,  fuel  and  passengers,  can  be  made 
powerful  enough  and  light  enough  to  lift  itself  in  the  air  ;  that  an  a  roplane 
will  lift  a  considerably  greater  load  than  a  balloon  of  the  same  weight ;  and 
that  it  may  be  driven  through  the  air  at  a  very  high  velocity,  and  with  an  expen- 
diture of  power  very  much  less  than  that  required  to  drive  a  balloon  at  even 
a  very  moderate  pace  ;  and  that  a  well-made  and  properly  applied  screw  pro- 
peller obtains  sufficient  grip  upon  the  air  to  propel  a  machine  at  almost  any 
speed,  and  that  the  greater  the    speed  the  higher  the  efficiency  of  the  screw. 

Commenting  on  Mr.  Maxim's  results,  London  .Witiwe  believes  that  they 
"  have  certainly  forwarded  the  problem  of  aerial  navigation." 

The  remarkable  experimental  studies  of  Professor  Dewar,  of  the  Royal 
Institution  of  London,  in  connection  with  liquefied  oxygen  (which  he  has 
succeeded  by  highly  refined  and  original  methods,  in  producing,  compara- 
tively speaking,  in  large  quantities),  aside  from  their  great  scientific  interest, 
have  enabled  him  to  demonstrate  certain  highly  important  facts  that  have 
direct  practical  bearing.  He  has  been  able  to  verify,  for  example,  what  had 
been  before  merely  a  scientific  hypothesis,  namely,  that  as  metals  decrease 
in  temperature  their  conductivity  for  electricity  increases,  and  his  experi- 
ments give  the  strongest  reasons  for  believing  that  when  the  temperature  of 
absolute  zero  is  reached,  the  metals  reach  the  point  of  absolute  conductivity. 
Furthermore,  he  has  experimentally  shown  that  the  cohesive  power  of  the 
metals  is  greatly  increased  by  diminution  of  temperature. 

The  tensile  strength  of  iron,  for  example,  is  shown  to  be  increased  at 
the  temperature  of  liquid  air  from  thirty-four  tons  per  square  inch  (at  the 
ordinary  temperature)  to  sixty-four  tons,  and  a  like  increase  of  cohesive 
quality  is  exhibited  by  every  other  metal.  The  magnetic  property  also  is 
shown  by  his  experiments  to  be  increased  at  these  low  temperatures  ;  an  iron 
bar  magnet,  for  example,  showing  an  increase  of  fifty  percenr.  in  magnetic 
strength. 

On  the  other  hand,  non-metallic  bodies  are  shown  to  behave  in  a  manner 
exactly  opposite  to  that  of  the  metals,  decreasing  in  conductivity  as  the  temper- 
ature falls.  To  comprehend  the  extraordinary  conditions  of  these  experi- 
ments it  must  be  remembered  that  the  temperature  of  liquefied  oxygen  is 
182°  below  zero  of  the  centigrade  scale,  corresponding  to  295^  below  zero  F. 
At  these  temperatures,  we  have  matter,  as  has  been  tersely  stated,  in  artictilo 
mortis.  Chemical  forces  are  in  complete  abeyance.  Phosphorus,  even, 
refuses  to  combine  with  oxygen,  which  has  become  as  inert  as  nitrogen.  A 
few  degrees  lower,  and  the  last  traces  of  that  molecular  m.otion  we  call  heat 
would  disappear,  and  matter,  destitute  of  all  active  properties,  would  be 
dead. 

An  item  of  scientific  interest  which  has  given  origin  to  extended  discus- 
sion, was  the  announcement  made,  at  the  British  Association    meeting  last 
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summer,  by  Lord  Rayleigh  and  Prof.  Ramsey,  of  a  probable  new  constituent 
of  the  atmosphere.  The  alleged  new  element  is  described  by  these  observers 
as  being  characterized  by  the  same  inertness  as  nitrogen,  as  somewhat  heav- 
ier than  nitrogen,  and  is  believed  by  them  to  be  present  in  the  atmosphere  to 
the  amount  of  one  per  cent,  by  volume.  They  believe  it  to  be  either  a  new 
element,  or  a  heretofore  unknown  allotropic  form  of  nitrogen.  The  genuine- 
ness of  this  discovery  has  been  called  into  question  by  several  noted  chem- 
ists, and  especially  by  Profs.  Dewar  and  Wanklyn.  The  scientific  world 
must,  accordingly,  suspend  judgment  on  the  subject  for  the  time. 
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Hall  of  the  Franklin  Institute, 
Philadelphia,  January  16,  1895. 

Mr.  H.  R.  Heyl,  in  the  chair. 

Present,  forty-one  members  and  four  visitors. 

Additions  to  membership  since  last  report,  six. 

The  tellers  of  the  annual  election  held  this  day,  between  the  hours  of  4 
and  8  P.M.,  made  their  report.  The  chairman  thereupon  announced  the 
result  of  the  election  as  follows  : 


Joseph  M.  Wilson. 
(no  choice). 
Wm.  H.  Wahl. 
Samuel  Sartain. 
Francis  LeClere. 


For  President  (to  serve  one  year), 
"     Vice-President 

"    Secretary  (to  serve  one  year), 

"     Treasurer  (     "           "       "    ), 

"    Auditor  (     "      three  years), 

For  Managers  (to   serve  three  years). 

Charles  H.  Cramp,  Edward  Longstreth, 

George  V.  Cresson,  Samuel  P.  Sadtler, 

Alfred  C.  Harrison,  Wm.  H.  Thorne, 

Edwin  J.  Houston,  John  C.  Trautwine,  Jr. 

For  the  Committee  on  Science  and  the  Arts  (to  serve  three  years). 

C.  O.  C.  Billberg,  J.  M.  Emanuel,  C.  E.  Ronaldson, 
L.  L.  Cheney,  J.  Logan  Fitts,  L.  F.  Rondinella, 
James  Christie,  John  L  Gill,  Jr.,  Samuel  Sartain, 

D.  E.  Crosby,  Lewis  M.  Haupt,  T.  Carpenter  Smith. 
Wm.  McDevitt,  Stacy  Reeves. 

The  chairman  announced  that  a  vacancy  existed  in  the  office  of  Vice- 
President,  and  one  also  in  the  Committee  on  Science  and  the  Arts.  It  was 
voted  to  defer  the  election  to  fill  these  vacancies  until  the  stated  meeting  ot 
February. 
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The  following  nominations  were   received   for  \'ice-President,  viz.     Col 
Chas.  H.  Banes,  Pvlr.  Henry  R.  Heyl  and  Mr.  G.  Morgan  Kldridge. 

The  Secretary  presented  the  annual  reports  of  the  Board  of  Managers,  the 
several  standing  committees  and  sections,  which  were  severally  accepted. 

A  recommendation  contained  in  the  report  of  the  Committee  on  Science 
and  the  Arts,  that  the  Institute  issue  diplomas  and  certificates  in  certain  cases 
in  connection  with  its  reports,  was  approved. 

A  vote  of  thanks  was  passed  to  the  professors  of  the  Institute  and  to  the 
gentlemen  who  have  given  their  services  as  lecturers.  Also,  it  was  voted  that 
the  thanks  of  the  Institute  be  given  to  Mr.  George  V.  Cresson,  of  the  Board 
of  Managers,  for  his  generous  co-operation  with  the  Committee  on  Instruc- 
tion in  establishing  a  branch  of  the  drawing  school  near  Germantown 
Junction. 

The  meeting  voted  to  defer  action  until  next  month  on  the  proposed 
amendments  to  the  by-laws  affecting  the  organization  and  government  of 
sections. 

The  Secretary  presented  a  report  of  scientific  and  industrial  progress  for 
the  year  1894,  an  abstract  of  which  is  published  in  the  Journal.  He  exhibited 
also  the  following  novelties :     A  specimen  of  calcium  carbide,  prepared  by 

the  electric  furnace  method,  by Taber,  a   member  of  the  Institute,  and 

made  the  experiment  of  generating  acetylene  by  dropping  fragments  of  the 
substance  into  water:  Two  pieces  of  sheet  aluminum,  greatly  corroded 
which  had  formed  the  heel,  or  re-enforcing  piece,  of  an  extension  shoe,  and 
which  had  been  worn  for  about  one  year.  The  maker  of  this  shoe  had 
hoped  to  find  in  aluminum  a  metal  that  would  not  be  attacked  by  the  secre- 
tions of  the  skin.  The  condition  of  the  pieces  showed  that  the  metal  was 
not  suited  for  the  purpose.  (In  view  of  this  observation,  some  revision  of 
currently  accepted  statements  respecting  the  ability  of  aluminum  to  with- 
stand corrosive  influences  of  this  nature,  would  appear  to  be  necessary  : 
An  improved  horse-shoe,  devised  by  Mr.  M.  Hallahan,  of  New  York.  The 
invention  is  substantially  a  pad,  made  of  vulcanized  rubber,  combined 
with  canvas  and  backed  with  sole  leather.  It  is  a  little  more  than  the  full 
size  of  the  horse's  foot  across  the  heel,  and  forms  part  of  the  shoe.  In 
applying  the  devices,  the  shoer  fits  the  foot  and  pad  with  a  three-quarter-inch 
steel  shoe  of  uniform  thickness.  The  space  between  the  pad  and  the  foot 
should  be  filled  with  tar  and  oakum. 

Adjourned.  Wm.  H.  Wahl,  Secretary. 


BOOK   NOTICES. 


Electric  Light  Installations  — By  Sir   David    Salomons,    Bart.,    M.A.     Vol. 
II.     Apparatus. 

Sir  David  Salomon's  book  bearing  this  title  has  been  known  now  for  a 
number  of  years,  and  has  run  through  several  editions.  His  previous 
editions,  although,  from  the  title,  having  to  do  with  installations  in  general, 
and    bus  purporting  to  be  a   book  of  large  scope,  have,  nevertheless,  been 
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confined  entirely  to  the  subject  of  electric  lighting  by  means  of  accumula- 
tors. Vol.  II,  which  now  appears,  does  not  seem  to  deviate  from  the  line  of 
its  predecessor.  This  particular  volume  is  entitled  "Apparatus,"  and  is 
largely  descriptive  of  the  specific  types  of  machinery,  accessories,  etc., 
which  are  used  in  English  practice. 

While  there  are  portions  of  the  work  which  might  be  read  with  some 
degree  of  benefit,  as,  tor  instance,  the  chapters  dealing  with  gas  engines  as 
applied  to  storage  battery  plants,  we  cannot  but  feel  that  the  larger  part  of 
the  work  is  of  but  slight  importance.  The  study  of  electricity,  both  theo- 
retical and  applied,  now  comprehends  so  large  a  field,  that  at  the  best  no 
one  can  hope  to  be  more  than  vaguely  familiar  with  the  greater  part  of  what 
is  known.  This  being  the  case,  it  seems  a  pity  that  so  many  books  should  be 
published,  bearing  high-sounding  titles,  and  sure  to  distract  the  attention  of 
a  large  number  of  earnest  workers,  from  books  more  helpful.  The  present 
work  is  one  of  a  great  many  which  have  appeared  during  the  last  year  or 
two,  and  which  contain  little  else  than  recapitulation  of  the  matter  found  in 
any  good  trade  catalogue.  To  the  live  electrical  engineer  this  book  presents 
nothing  that  is  new,  and  nothing  that  has  not  been  said  before,  while  the 
beginner  would  do  better  to  devote  his  time  in  mastering  the  principles,  than 
in  expending  his  energy  in  reading  catalogue  descriptions.  E.  G.  W. 


Electric  Lighting  Pla?its  :  their  Cost  and  Operation. — By  W.  J.  Buckley.  8vo. 
Pp.  279.  Illustrated.  Chicago :  Wm.  Johnston  Printing  Company. 
1894.     Price,  $2. 

Despite  the  deprecatory  terms  in  which  the  author,  in  the  preface,  informs 
his  readers  that  he  is  "neither  electrician,  engineer,  nor  expert,  but  a  sales- 
man," the  book  he  has  prepared  seems  to  us  to  answer  the  author's  expressed 
purpose  very  satisfactorily,  to  wit:  "to  give  intending  purchasers  of  lighting 
plants  such  details  as  may  aid  them  in  forming  a  fair  estimate  of  the  cost  of 
construction  and  operation  of  their  proposed  station." 

His  critical  remarks  on  the  various  points  worthy  to  be  carefully  observed 
by  intending  purchasers,  are  really  worth  attentive  consideration,  and  should 
be  worth  to  an  intelligent  reader  in  that  situation  many  times  the  value  of  the 
book.  The  tables  of  costs,  estimates,  instructions  to  employes,  etc.,  have 
practical  value.  Altogether,  we  have  seen  works  more  pretentiously  intro- 
duced which  were  less  worthy  of  perusal  than  this  one.  W. 


Lettering  of   Working  Drawings. — By  J.  C.  L.  Fish.     New  York:  D.  Van 
Nostrand  Co.     1894.     Obi.  8vo. 

Many  books  have  been  written  on  the  subject  of  letters  and  lettering,  but 
we  know  of  none  more  useful  than  this.  The  work  will  form  a  companion,  in 
every  sense  of  the  word,  to  any  draughtsman. 

Simple  rules  are  given  for  the  construction  of  the  letters,  followed  by 
thirteen  plates  giving  specimens  of  lettering,  which  have  been  made  up 
principally  from  working  drawings. 

Many  of  the  letters  shown  are  ornate,  others  are  of  the  crazy  order, 
but  all  are  legible  and  easily  executed  with  a  pen  or  pencil. 

We  find  trouble  in  reading  the  work  at  night,  and  hope  the  publishers  will 
print  future  editions  on  paper  which  is  not  so  highly  calendered.  R. 
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The  animal  as  a  PRIME  MOVER. 


By  R.  H.  Thurston, 


\_Con  eluded  from  p.  121.'] 


PART  in.  SPECIAL  ENERGY-PRODUCTS  :  ELECTRICITY,  LIGHT, 
ETC.  ;  SUMMARY  AND  CONCLUSIONS. 
Singular  and  unfamiliar  energies  are  produced  by  the  vital 
machine,  either  as  incidental  to  the  ultimate  purposes  of  the 
apparatus,  or  as  special  final  output  for  peculiar  purposes. 
For  example,  it  is  known  that  electricity  is  produced  in  the 
muscular  and  nervous  systems,  in  vertebrate  animals,  and  that 
in  some  cases,  as  in  that  of  the  electric  eel,  in  large  quantities, 
and  for  peculiar  and  special  purposes  of  offence  and  defence. 
The  fire-fly,  also,  produces  light  for  its  own  special  purposes. 
It  is  supposed  by  some  authorities  that  electricity  is  devel- 
oped for  the  use  of  the  internal  telegraphic  system  of  all 
animals  and  it  is  a  ''  singular  "  product  only  in  the  sense 
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that  we  have  not  yet  been  able  to  make  ourselves  familiar 
with  it  and  to  determine  just  how  it  is  employed  and  in 
what  manner  it  is  generated  and  transformed.  In  the  case 
of  the  light-producer,  the  product  is  "  singular"  in  the  sense 
that  it  is  not  only  unfamiliar  as  a  system  of  energy  produc- 
tion, distribution  and  transformation,  but  also  as  being 
rarely  developed.  We  know  only  the  glow-worm,  the  fire- 
fly and  a  few  other  organisms,  such  as  the  animalculae  of 
the  tropical  seas  and  certain  bacteria,  which  are  capable  of 
transforming  energy  supplied  them  into  light.  In  this  case,, 
it  is  also  singular  that  the  light  produced  should  be  almost, 
if  not  entirely,  unmixed  with  heat,  and,  in  this  sense  it  is  the 
most  economical  light  production  known.  These  two 
examples  of  singular  product  are  so  important  and  sugges- 
tive, as  well  as  interesting  from  their  mystery,  that  they 
demand  careful  consideration,  particularly  at  the  hands  of 
the  engineer. 

Electricity  has  long  been  recognized  as  a  vital  energy,  and 
the  fame  of  Galvani,  the  distinguished  professor  of  compara- 
tive anatomy  at  Bologna  (1737-1798)  was  mainly  established 
by  his  striking  discovery  (1786)  of  what  is  now  familiar  to 
biologist  and  physicist  alike,  as  "  animal  electricity,"  or,  as 
Daguin  calls  it,  V  electricity  vit  ale,  the  "vital  fluid,"  according 
to  the  discoverer  himself.  The  famous  controversy  which 
at  once  arose  between  Galvani  and  Volta,  the  contemporary 
professor  of  physics  at  Pavia,  and  which  led  to  the  publica- 
tion of  Volta's  dictum  :  "  When  two  heterogeneous  sub- 
stances are  in  juxtaposition,  the  one  always  assumes  the 
positive  the  other  the  negative,  electrical  state,"  was  a  first 
step  toward  the  determination  of  the  fact  that  as  externally 
produced  currents  will  always  affect  the  nerves  and  muscles, 
so  internal  currents  may  always  be  found,  capable  of  affect- 
ing  external  substances.  Nobili's  discovery  of  the  "proper 
current  "  directed  from  the  foot  toward  the  head  of  the  frog 
(1827),  as  predicted  by  Humboldt  just  thirty  years  earlier; 
Matteucci's  extended  researches  of  later  date,  and  the  still 
more  striking  investigations  of  DuBois  Reymond  (1842), 
have  proven  both  the  existence  of  such  currents  in  the  ani- 
mal   machine  and  a  drift,  also,  of  electricity  outward  from 
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interior  of  muscle,  or  nerve,  to  the  surface,  which  may  prob- 
ably be  taken  as  a  "leakage  current,  "  due,  in  part  at  least, 
to  the  fact  that,  even  here,  insulation  is  not  perfect.  The 
last-named  investigator  showed  that  the  more  powerful  the 
muscle,  in  its  natural  condition,  the  stronger  these  electric 
currents ;  the  heart,  for  example,  exhibiting  powerful  cur- 
rents and  the  muscular  system  of  the  intestines  a  compara- 
tively weak  flow.  His  well-known  experiment,  in  which  the 
galvanometer  is  made  to  reveal  a  current  passing  from  an 
unflexed  arm  to  the  other  side  and  into  the  arm,  which,  con- 
tracting its  muscles  strongly,  grasps  an  object  forcibly, 
especially  interests  the  student  of  the  vital  machine  as 
indicating,  in  correspondence  with  the  fundamental  laws  of 
energetics  in  this  case  of  electric  action,  as  in  thermody- 
namic operations,  the  reduction  of  the  energy-supply  by 
conversion  into  mechanical  work.* 

The  experiments  of  the  Italian  physicists,  and  of  Dr.  Ure, 
on  cadavers,  are  familiar  proofs  of  the  substitutive  value  of 
the  electric  fluid  and  the  vital  fluid,  if,  indeed,  they  are  not 
evidence  of  their  identity,  and  the  still  more  familiar  expe- 
riences of  all  who  have  had  to  work  with  electricity  in  any 
form  at  moderate  or  high  tensions  may  be  accepted  as  more 
convincing  testimony  of  the  relationship  of  the  one  form  of 
energy  to  the  other.  The  discovery  by  Pouillet,  and  the 
later  investigations  of  Donne,  Bequerel,  and  others  relative 
to  the  now  well-recognized  form  of  vegetable  electricity,, 
constitute  an  interesting,  if  superfluous,  confirmation  of  the 
idea  that  nature  employs  the  electric  current  in  her  work 
much  more  generally  than  is  popularly  supposed. 

The  identity  of  animal  electricity  with  the  familiar 
forms  of  that  energy  is,  perhaps,  best  shown  by  the  fact 
that  where,  as  in  the  gymnotus  and  torpedo — the  best  known 
among  some  fifty  such  creatures — the  fluid  is  made  the 
means  of  attack  and  defence,  thus  necessarily  being 
given  considerable  volume  and  tension,  it  responds  to  every 
test  customarily  employed  to  identify  and  measure  the 
voltaic  current. 

*Recherches  d'electricite  animale.  Annales  de  Chemie  et  de  Physique, 
3e  serie,  t.  xxx,  p.  119. 
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The  assumption  which,  perhaps,  may  now  be  fairly  taken 
as  possessing  a  basis  of  probability,  that  electrical  or  some 
related  or  in  many  ways  similar  form  of  energy  may  prove 
to  be  an  intermediary  between  the  chemical  energy  known 
to  be  a  necessary  initial  action  in  the  reduction  to  the  active 
form  of  potential  energy  supplied  to  the  vital  system,  and 
those  ultimate  energy-products — mechanical  power,  heat, 
sometimes  light,  and  always  physiological  manifestations — 
is  strongly  corroborated  by  the  facts  developed  by  research 
in  those  organisms  which  most  extensively  and  strikingly 
exhibit  that  kinetic  energy.  It  is  known,  not  only  that 
about  fifty  creatures  are  capable  of  applying  the  electric 
fluid  to  their  own  purposes,  in  defence  and  in  pursuit  of 
their  prey,  but  that  all  species  of  the  ray  family  have  at 
least  rudimentary  electric  organs,  a  fact  first  stated  expli- 
citl}^  probably  by  Robin.  Five  species  are  known  to  be 
■  capable  of  producing  a  sensible,  often  powerful,  electric  dis- 
charge. Muschenbroeck,  Walsh,  Davy,  Becquerel,  Breschet, 
Linari,  Matteucci,  Moreau  and  others,  some  of  whom  have 
been  elsewhere  mentioned,  have  shown  this  fact  and  have 
revealed  distinctly  the  identity  of  this  energy  of  these  fishes 
and  other  creatures,  with  the  electricity  now  familiar  to  us 
in  a  thousand  daily  operations.  Marey  has  shown  that  the 
discharge  is  effected  by  transmission  of  the  mandate  of  the 
will  to  the  storage  battery  of  the  animal  at  substantially  the 
.same  rate  that  other  nerve-actions  are  propagated.*  He 
sums  up  his  facts  in  a  form  which  suits  our  present  purpose 
well.f 

He  concludes  : 

(i)  The  rapidity  of  the  nervous  agent  is  identical  in  the 
torpedo  and  the  frog  affected  by  the  electric  discharge. 

(2)  *'  Lost  time  "  exists  and  has  the  same  measure  in  the 
electrical  apparatus  of  the  torpedo  and  in  muscle,  and  the 
same  is  true  of  its  endurance. 

(3)  The  duration  of  the  torpedo's  discharge  is  about  the 
same  as  the  duration  of  the  shock  in  the  case  of  the  electri- 
fied frog. 

*  Journal  de  V  anatomie  et  de  la  physiologie,  1872. 
fAnimal  Mechanism,  p.  57. 
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(4)  This  period  is  about  one-seventh  of  a  second. 

Davy  produced  all  the  phenomena  of  voltaic  electricity 
from  the  vital  organism  ;  Linari  and  Matteucci  similarly 
proved  its  identity,  in  action  and  effects,  with  static  elec- 
tricity and  provoked  the  electric  spark  from  the  animal.  If 
the  idea  of  Fritsch  is  correct  that  the  electrical  generating; 
and  storage  organs  of  the  creature  are  derived  from  the 
skin,  it  would  seem  very  probable,  also,  that  the  source  of 
energy-transformation  from  potential  to  the  kinetic,  or  from 
stored  forms  to  motor  forms,  may  be  found  in,  or  under,  the 
cuticle.  Bayliss,  Bradford  and  others,  however,  attribute 
the  currents  observed  in  animals  to  the  flow  of  fluids,  per- 
haps to  simple  friction  ;  while  Biedermann  thinks  the  kata- 
bolic  action,  breaking  down  tissue,  is  the  source  of  the  cur- 
rent passing  inward;  and  the  anabolic  action,  constructing 
tissue,  is  the  cause  of  the  reverse  current.  If  the  machine 
be,  in  any  degree,  electro-dynamic,  this  is  a  substitution  of 
cause  for  effect. 

Humboldt's  account  of  the  employment,  by  the  Indians 
of  Rastro  de  Abaso,  of  wild  horses  in  capturing  the  gym- 
notus,  at  the  sacrifice  of  an  occasional  horse  by  drowning, 
after  being  disabled  by  the  shocks  administered  by  the 
enraged  gymnotus,  and  his  statement,  that  he  himself  had 
received  more  powerful  shocks  than  he  had  ever  received 
from  the  largest  Leyden  jars,  give  some  idea  of  the  vigor  as 
well  as  of  the  character  of  animal  electricity.  His  experi- 
ments with  Gay-Lussac,  and  those  of  Davy,  Bequerel, 
Breschet  and  others,  show  it  to  be  capable  of  performing 
every  feat  and  exhibiting  every  phenomenon  familiar  to 
us  as  the  result  of  voltaic  action  at  high  tension. 

All  research  to  date  proves : 

(i)  That  the  electrical  current  in  the  animal  system  is 
produced  for  the  purpose  of  effecting  energy-transforma- 
tions of,  as  yet,  undetermined  character  and  extent. 

(2)  That  it  is,  in  the  electric  fishes,  at  least,  developed  at 
will  in  quantity  demanded  for  its  intended  work,  as  in  other 
displays  of  energy,  up  to  the  limit  of  the  nerve-power  of 
the  individual. 

(3)  That  in  all  its  characteristics  it  is  similar  to,  if  not 
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identical  with,  voltaic  electricity,  and  thus  unquestionably 
subject  to  all  the  laws  of  energetics,  of  electro-dynamics,  of 
electrical  physics,  and  of  electro-chemical  action. 

The  velocity  of  transmission  of  the  nerve  impulse  is 
from  90  feet  per  second  in  cold-blooded,  to  100  or  150  feet, 
in  warm-blooded  creatures — an  exceedingly  minute  fraction 
of  the  speed  of  the  electric  current  over  good  conductors. 
It  thus  requires  about  the  tenth  part  of  a  second  to  tele- 
graph from  the  brain  to  the  extremities  and  obtain  a 
response  through  the  sensory  nerves,  or  to  produce  reflex 
motions  of  muscles.  DuBois  Reymond  found  the  electro- 
motive force  impelling  the  electric  currents  flowing  in  the 
nerves  and  muscles  of  the  frog,  to  have  the  value  of  0*22  to 
0-25  volt  in  the  nerve  and  o"35  to  075  volt  in  the  muscle.^ 
Should  it  prove  the  fact  that  the  active  energy  is  electric 
and  magnetic,  the  low  voltage,  if  confirmed  by  measure- 
ment of  the  actually  operating  currents  doing  their  regular 
and  normal  work,  would  indicate  great  strengths  of  currents 
at  low  tensions.  The  time  required  for  action,  at  the  nerve 
center  itself,  is  something  like  0*05  second. 

Matteucci  found  that  the  passage  of  the  electric  current 
from  the  brain  toward  the  extremities  produced  contractions 
of  the  muscles  traversed  ;  while  the  opposite  direction  of 
current  caused  annoyance,  if  not  actual  pain,  and  seemed 
only  to  affect  the  sensory  nerves.  He  thought  that  this 
^'  polar  condition  "  indicated  that  such  excitation  by  some- 
thing analogous  to,  if  not  identical  with,  the  electric  form  of 
energy,  constitutes  the  *'  nervous  agency  "  of  the  system. 

What  is  known  to-day  simply  shows  that  electricity  of 
low  tension  and  comparatively  large  quantity,  or  some 
related  form  of  energy,  is,  or  may  be,  a  product  of  transfor- 
mations occurring  in  the  body,  having  their  source  in  the 
potential  energy  of  the  food  supplied,  and  is  the  probable 
intermediary  between  the  directing  power  of  brain  and 
spine  and  the  elements  of  the  voluntary  and  involuntary 
systems  of  muscles ;  that  this  energy  is  probably  in  con- 
stant circulation  in  continuously  acting  organs,  and  inter- 

^ Encyclopaedia  Britannica,  Art.  Physiology,  p.  26. 
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mittently,  at  least,  in  those  actuated  only  by  the  will ; 
and  that  the  evidence  of  its  presence  may  always  be  found 
in  its  leakage  currents.  It  is  certain  that  the  production  of 
electricity  may  be  increased  by  the  special  development 
of  its  producing  organs  to  such  extent  as  to  become  a 
source  of  power  and  of  safety  to  its  user  and  of  danger  to 
enemies,  exhibiting  all  the  characteristic  properties  of  the 
familiar  forms  of  moderately  high-tension  currents. 

Anatomists  familiar  with  comparative  biology  know  that 
the  electric  cells  of  the  torpedo  and  its  congeners  are  evolved 
from  the  underside  of  the  skin,  and  by  a  process  which 
seems  simply  that  of  muscle  cell  production  with  modifica- 
tion to  its  special  purpose.  This  fact  may  be  accepted  as 
evidence,  worthy  of  consideration  at  least,  that  the  muscles 
contain  within  themselves  the  principle  of  animal  power, 
and  possibly,  even,  that  this  power  is  a  modification  of,  if  not 
identical  with,  the  familiar  forms  of  electricity.  It  is  well 
known  that  muscular  power  may  reside  in  the  muscle,  and 
that  this  local  potentiality  of  energy  display  may  be  exerted 
l3y,  and  may  even  act  rhythmically  in,  an  organ,  as  the  heart, 
-detached  from  the  body. 

Light  production  by  the  vital  machine  illustrates  another 
■curious  and  impressively  suggestive  method  of  energy- 
transformation,  the  nature  of  which,  and  the  essential  pre- 
requisites for  which,  are  still  among  the  mysteries  of  this 
ever-present  sphinx.^  The  light  radiated  by  the  living 
machine  has  been  studied  by  many  investigators,  and  some- 
thing has  been  learned  of  its  production  and  its  character- 
istics. It  is  known  to  be  produced  in  a  superficial,  trans- 
parent tissue,  blanketing  the  parts  of  the  creature  exhibiting 
luminosity,  and  containing  a  fat  of  peculiar  structure  and 
composition,  which  may  be  burned  at  extraordinarily  low 
temperatures,  giving  out  a  light  almost  absolutely  free  from 
heat.  It  can  thus  be  utilized  in  the  animal  system  and, 
only  light  being  produced,  but  a  minute  fraction  of  the 
energy  demanded  in  the  production  of  our  more  familiar 


*  "The  Great  Problems  of  Science,"  R.  H.  Thurston;  Forum,  September, 
1892. 
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lights  is  required  for  this  transformation.  In  its  distribu- 
tion, but  a  fraction  of  i  per  cent,  of  the  energy  thus  expended 
takes  the  form  of  heat ;  while,  in  the  common  gas,  or  candle, 
or  oil  flame,  ninety-nine  per  cent,  of  the  energy  is  wasted  in 
the  form  of  heat — worse  than  wasted,  since  the  heat  thus 
produced  is  usually  a  source  of  discomfort  as  well  as  a 
material  loss. 

The  vital  machine,  as  a  light  producer,  thus  appears  to 
have  an  efficiency  of  production  approximating  unity.*  It 
has  400  times  the  light  value  of  the  gas  flame,  40  times  that 
of  the  electric  incandescent  lamp,  and  20  times  that  of  the 
best  arc  lamp.  But  the  electric  current  utilized  in  these 
cases  is  derived  from  heat  energy  transformed  by  the  heat^ 
engine  and  the  dynamo  at,  usually,  the  expense  of  four- 
fifths  to  nine-tenths  its  original  potential  amount ;  thus 
making  the  light  of  nature,  as  developed  in  the  vital  ma- 
chine, from  200  to  4,000  times  as  efficient  as  the  best  and 
the  worst,  respectively,  among  our  present  artificial  lights,, 
if  we  assume  no  wastes  in  the  production  of  the  light-giving 
material.  This  would  be  the  case  if,  for  example,  its 
wastes  of  energy,  were  there  any  to  occur  in  the  process,, 
were  to  find  use  in  further  transformation,  or  application,  in 
the  economy  of  the  system,  as  the  heat  of  the  exhaust 
steam  of  a  steam  engine  in  a  woollen  mill  often  has  as  great, 
value  for  heating  purposes  as  if  taken  direct  from  the 
boiler.  Could  this  kind  of  light  be  obtained  as  the  product 
of  artificial  methods  of  energy  transformation,  the  result 
in  economy  of  energy,  of  power  and  of  fuel  would  be 
among  the  most  tremendous  of  all  the  marvellous  products 
of  human  invention. 

Technically  stated,  the  problem  is :  to  produce  ether 
vibrations  having  a  frequency  of  5  x  10'^  per  second,  with- 
out admixture  of  other  periodicities.  Tesla  attempts  it  by 
electrostatic  action  ;  nature  does  it  perfectly  by  what  seem 
to  be  chemical  processes.  How  shall  we  ultimately  accom- 
plish this  seductive  task  and  emulate  nature  while  comply- 

*  Langley  and  Very,  ou  the  Heat  and  Light  of  the  Fire-fly.  Smithsonian 
Contributions,  1892. 
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ing  with   those  economic   laws  which  always  control,  and 
often  seriously  impede,  the  progress  of  the  engineer  ? 

\Htal  force  and  energy,  the  force  and  energy  which  consti- 
tute vitality,  which  are  the  characteristics  of  animal  life, 
may  easily  be  shown  to  be  apart  from  that  higher  life  of 
the  soul  and  the  intellect  which  constitutes  the  ego,  which  is 
the  individual.  They  reside,  not  in  the  brain,  or  in  its 
directing  power,  the  mind,  but  pervade  the  animal  frame, 
and  are  found  active  throughout  the  vital  machine.  Life, 
in  this  sense,  is  seen  in  the  motions  of  the  decapitated 
trunk  of  any  animal,  and  the  reptiles  often  live  a  long  time 
with  brain  removed.  All  the  functions  of  purely  animal 
life  continue,  and  the  taking  of  food,  its  digestion,  the  act 
of  respiration,  that  of  blood  circulation,  and  the  whole 
*'  automatic"  operation  of  the  system,  essential  to  continued 
vitality,  goes  on.  This  independence  of  the  vitality  of  all 
mind  is  seen  in  the  spermatozoa,  which  live  independent 
lives  for  hours,  and  even  in  some  animals,  as  in  the  bats,  for 
months  at  a  time.  It  is  seen,  very  probably,  in  the  white 
blood-corpuscles,  which,  as  they  float  in  the  stream  of  vital 
fluid,  change  form,  seize  upon  each  other  or  upon  the  sur- 
faces of  their  channels,  and  otherwise  exhibit  independent 
life.  In  fact,  it  maybe  fairly  presumed  that  they  are,  them- 
selves, the  principle  of  life,  its  method  of  importation  into 
the  animal  system.  But  this  is  not  all.  The  vital  prin- 
ciple attaches  to  every  part,  and  the  heart,  removed  from 
the  body,  continues,  for  a  time,  pulsing  with  its  own  inde- 
pendent life,  the  vital  principle  surviving  long  enough  to 
produce  many  repetitions  of  the  natural,  rhythmic,  automatic 
movements  of  the  organ.  In  man — as  intellection  is  entirely 
unessential  to  vitality,  and,  when  unconscious,  as  when 
sleeping,  when  under  the  influence  of  anaesthetics,  when 
suffering  from  concussion  or  other  injury  to  the  brain,  the 
whole  animal  system  continues  in  action  with  more  or  less 
accuracy,  under  the  impulse  and  direction  of  the  vital 
power — unconscious  life  continues,  in  some  cases,  weeks 
and  months. 

The  probability  that  the  vital  functions  are  independent 
of  the  intellectual  and  moral  life,  and  of  brain  action,  is  also 
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evide-nced  by  the  facts  that  the  muscle,  even  when  excised, 
quivers  with  vitality  for  a  time ;  that  it  exudes  carbonic 
acid  when  working,  that  it  reduces  lactic  acid,  decreases  the 
amount  of  compounds  present  soluble  in  water,  and 
increases  the  quantity  of  those  soluble  in  alcohol ;  decreases 
glycogen,  increases  sugar ;  and  all  this  when  the  flow  of 
blood,  with  its  burden  of  nutrients  and  of  oxygen,  is  cut  off 
from  it.  Blood  entering  the  living  and  working  tissues  is 
always  changed,  in  life,  and  issues  with  a  new  composition. 
The  tissues  are  thus  ''  laboratories,  in  which  materials 
abstracted  from  the  blood  are  transformed." 

An  excised  intestine  continues  its  peristaltic  movements 
for  an  appreciable  time.  The  heart  of  the  rabbit  beats  some- 
times a  half  hour  after  excision  ;  the  right  auricle  continues 
after  the  organ  as  a  whole  has  become  quiescent,  and  has 
been  known  to  exhibit  motion  fifteen  hours  after  death. 
The  same  independent  and  automatic  action  has  been 
detected  in  the  dog's  heart  four  days  after  the  death  of  the 
animal.  The  cold-blooded  animals  exhibit  still  more  per- 
sistence of  this  local  and  independent  life  of  the  organ,  and 
the  heart  of  the  frog  has  been  known  to  pulsate  with  the 
motions  of  life,  as  a  whole,  for  two  or  three  days  after 
removal  from  its  nerve  connections.  Every  organ  is  a 
motor;  every  protoplasmic  cell  is  an  elementary  vital 
system. 

The  motor  and  other  movements  of  the  machine  are  ab- 
solutely independent  of  the  peculiar  nervous  and  mental 
characteristics  of  animal  life.  This  is  shown  not  only  by 
the  facts  elsewhere  mentioned  in  a  similar  connection,  but 
also  by  the  seemingly  intelligent  action  of  the  sensitive 
plants  and  many  other  vegetable  organisms,  by  the  move- 
ment of  the  vegetable  as  well  as  of  the  animal  protoplasms, 
by  the  energetic  action  of  the  white  corpuscles  of  the  blood 
and  of  the  amoeboid  cells  of  both  animal  and  vegetable  pro- 
toplasms. Heat,  light,  electricity,  chemical  and  mechanical 
stimuli,  alike,  all  provoke  displays  of  motor  forces  and  energies 
in  the  simplest  known  forms  of  vegetable  and  animal  struc- 
ture, and  absolutely  independently  of  intelligence,  will,  ner- 
vous power,  special  circulatory  and  respiratory  organs  or,  of 
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location  in  the  organism  of  which  they  form  the  most  ele- 
mentar}'  part.  The  rhythmic  action  of  the  human  heart,  the 
voluntary  movement  of  the  animal  frame,  the  entrapping  of 
its  victims  by  the  sensitive  plant,  the  motions  of  the  bacte- 
ria, the  changes  of  the  amoeba  and  the  protoplasmic  cell,  are, 
all  alike,  exemplifications  of  the  inherent  residence  of  motor- 
energy  under  conditions  which  involve  entire  absence  of  all 
the  machinery  of  thermodynamic,  or  electrodynamic,  motors 
of  any  sort  as  yet  familiar  to  science. 

It  is  thus  evident  that  the  vital  energy  is  independent,  on 
the  one  hand,  of  the  familiar  physical  energies  and  forces, 
and,  on  the  other,  of  the  mental  powers,  of  intellectual  and 
soul  life.  It  pervades  the  whole  system,  as  do  the  physical 
energies,  and  may  attain  great  development  without  refer- 
ence to  the  condition  of  the  physical  or  the  psychical  ener- 
gies. The  doctrine  of  Quesne,  "  psychism,"  is  to  this  degree 
afforded  some  support.  But  the  now  universally  accepted 
doctrine  of  the  evolution  of  the  world  from  an  earlier  chaos 
compels  us,  it  would  seem,  to  admit  that  all  energies  and 
forces,  and  all  matter,  aggregate  out  of  space,  and  Quesne's 
proposition  may  be  extended  to  every  department  of  physics 
and  psychics.  All  space  is  pervaded  by  heat,  light,  elec- 
tricity and  magnetism ;  why  not  with  vital  and  spiritual 
energies  ? 

The  office  of  the  vital  force  and  its  energy  is  apparently 
to  give  direction  to  the  coarser  physical  energy  of  the 
muscle.  It  is  the  director  of  the  telegraphic  current  which 
notifies  the  energy  of  the  muscle  when  and  how  to  exert 
itself.  It  co-ordinates  the  automatic  movements,  controls 
the  system  as  a  whole,  as  well  as  in  detail,  and  is  itself  the 
principle  of  purely  animal  life.  The  organ  which  mainly 
controls  and  directs  it,  which  is  constructed  to  differentiate 
it  from  other  energies,  to  give  it  form  and  purpose,  to  afford 
it  a  vehicle,  is  the  spinal  nerve  of  the  vertebrate,  and  the 
equivalent  organ  in  other  creatures. 

The  psychical  energies,  including  consciousness,  intellection, 
emotion,  which  are  essential  characteristics  of  the  vital 
machine,  and  which,  in  the  case  of  those  with  which  we  are 
principally  concerned,  at  least  influence  to   an  important 
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degree  its  power,  endurance  and  efficiency,  all  depend,  for 
their  effective  display  and  fruitful  exertion,  upon  the  pre- 
servation in  good  health  and  perfect  form  of  the  upper 
brain.  A  touch  upon  the  surface  of  that  organ  impairs  the 
action  of  the  mind ;  the  destruction  of  a  ganglion  takes 
away  the  power  of  expression  if  not  of  thought ;  the  lesion 
or  degeneration  of  its  tissue  measures  a  proportional  loss  of 
psychic  energy.  With  the  organ  sound  and  strong,  its 
action  depends,  as  every  day's  experience  shows  us,  upon  its 
nutrition  and  repair.  Like  the  body,  it  is  seen  to  be  a 
machine  which  guides  and  applies  energies  derived  from 
external  sources.  All  its  energies  come  of  an  initial  supply 
brought,  through  the  blood  channels,  from  the  digested 
food ;  and  both  body  and  brain  exhibit  characteristic  modes 
of  guidance  and  application  of  the  transferred  and  trans- 
formed energies  originally  stored  in  air  and  food.  Body  and 
brain  are  apparatus  for  absorption,  transformation  and 
employment  of  characteristic  forms  of  energy.  Their 
methods  of  absorption,  modes  of  transformation,  and  pro- 
cesses of  application  constitute  important  and  attractive,  as 
well  as  legitimate,  problems  in  physical  research.  Tracing 
back  the  path  by  which  all  matter  came  in  from  space  to 
construct  the  material  world,  and  retracing  the  path  over 
which  the  energies  came  out  of  the  ether,  and  its  accompany- 
ing stock  of  all  the  energies,  are  companion  problems. 

The  origin  of  energies  displayed  in  the  vital  machine  is 
found  in  the  food  consumed,  and  the  apparatus  of  the  body 
is  simply,  as  is  now  well  proven,  employed  in  the  freeing  of 
these  energies  from  their  potential  form  in  the  chemical 
affinities  of  oxygen  for  carbon,  hydrogen,  nitrogen  and  the 
elements  of  various  other  compounds,  and  the  diversion  and 
direction  of  the  resultant  energies  of  various  kinds  and 
always  equivalent  quantity,  in  the  performance  of  internal 
and  external  work.  Brain,  nerve,  muscle,  gland,  all  give 
proper  direction  to  appropriate  energies ;  none  originates 
energy  or  has  power,  intrinsically,  of  doing  work.  They  are 
all  characteristically  and  kinematically  similar  to  the 
organs  of  the  machines  constructed  by  man.  But  the  ulti- 
mate physical  source  of  all  energies,  so  far  as  identified,  is 
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the  heat  and  light  of  the  sun  ;  while,  in  turn,  the  source  of 
the  energy  of  the  sun's  rays  is  presumed  to  be  the  mechan- 
ical energy  of  colliding  atoms,  molecules,  star-dust,  all  cel- 
estial bodies,  the  comets,  planets,  suns,  worlds.  The  dis- 
tinctive energies  are  simply,  as  we  suppose,  different  modes 
of  motion  of  atoms  and  molecules  and  masses,  if  physical ; 
but  we  find  no  light  yet  thrown  upon  the  nature  of  the  more 
subtle  energies  of  vitality,  of  intellection,  of  mind,  or  upon 
their  relation  to  matter. 

Conclusions  of  serious  import,  of  singular  interest,  of  en- 
grossing attractiveness,  and  of  wonderful  possible  result, 
may  be  deduced  from  what  has  preceded ;  some  of  these 
conclusions  are  positive  and  certain,  some  extremely  prob- 
able, others  bare  possibilities,  so  far  as  we  can  now  trace 
them,  and  the  possibilities  are  of  such  inconceivable  mag- 
nitude and  importance,  should  they  be  found  to  have  a  sub- 
stantial basis,  that,  great  as  are  the  consequences  of  the 
positive  deductions,  the  further  investigation  of  the  poten-^ 
tialities  will  undoubtedly  be  considered  by  men  of  science 
a  matter  of  even  superior  importance.  Some  of  these  con- 
clusions are : 

(i)  The  vital  machine  is  not  a  heat-engine,  subject  to  the 
thermodynamic  laws  governing  all  known  forms  of  thermo- 
dynamic machinery  produced  by  man  up  to  the  present 
time. 

We  cannot  assert  that  it  is  not  a  heat-engine  in  the  sense 
of  being  a  machine,  which,  by  as  yet  undiscovered  methods, 
directly  transforms  thermal  into  dynamical  and  other  forms 
of  energy  ;  but  it  certainly  cannot  employ  expansible  fluids 
and  transform  energy  by  their  expansion  through  a  wide 
range  of  temperature,  and  it  as  certainly  does  greatly  exceed 
all  heat-engines  in  efiiciency,  both  ideal  and  actual. 

(2)  The  vital  machine  is  an  energy-transforming  appar- 
atus, in  which  the  supplied  energy  is  employed  in  useful 
transformations  in  far  higher  degree  than  in  any  energy- 
transforming  machine  or  system  yet  produced  by  man  to 
render  available  the  potential  energy  of  oxidizable  sub- 
stances. 

(3)  The  vital  machine  must  operate  through  methods  of 
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energy-transformation  yet  unknown  to  science,  though  un- 
doubtedly absolutely  scientific  and  intelligible,  once  dis- 
covered. 

The  source  of  energy  is  perfectly  well  known,  and  the 
primary  steps  of  the  process  determined,  up  to  the  comple- 
tion of  the  preparation  of  the  substance  containing  the 
potential  energy  furnished  for  transfer  into  the  organs  of 
the  body,  and  for  immediate  transformation  by  chemical 
action.  The  resulting  products  are  all  probably  identified 
and  most  of  them  well  understood  and  quantitatively  deter- 
minable ;  but  the  intermediate  processes  of  transformation 
of  potential  into  actual  energy,  and  of  transformation  of 
one  form  of  energy  into  another,  as  yet  are  veiled  from  our 
sight  and  concealed  from  our  touch. 

(4)  These  methods,  whatever  their  character,  produce 
mechanical  energy  more  cheaply,  as  measured  in  energy 
consumed,  than  any  known  prime  motor;  develop  heat  at 
minimum  cost  in  the  same  terms ;  in  some  cases  produce 
electrical  energy  in  considerable  quantity  and  at  high  ten- 
sion, by  some  probably  direct  transformation  ;  occasionally 
produce  light  of  almost  absolute  purity  and  perfection  of 
economical  character,  and,  in  all  intelligent  creatures,  sup- 
ply the  mind  with  an  instrument  utilizing  physical  ener- 
gies for  intellectual  demonstrations. 

(5)  All  these  products  being  considered,  this  vital  ma- 
chine is  enormously  more  efficient  than  any  apparatus  yet 
invented  by  the  human  mind,  and  illustrates  methods  of 
energy-transformation  which,  if  they  could  be  applied  in 
industrial  operations  in  place  of  the  heat-engines,  would 
afford  inconceivable  amelioration  of  the  condition  of  the 
race,  and  to  a  less,  but  nevertheless  considerable,  degree,  of 
his  attendant  creatures,  both  by  giving  the  power  of  secur- 
ing the  utmost  possible  duty  from  our  stores  of  latent  avail- 
able energy,  and  by  prolonging  the  life  of  the  race  by  indefi- 
nitely removing  the  period  of  exhaustion  of  those  stores. 

(6)  The  best  evidence  yet  secured  by  research  seems  to 
indicate  that  the  method  of  energy-transformation  in  the 
vital  machine  is  one  which  directly  transforms  the  potential 
energy  of  the  food,  as  developed  by  chemical  combinations,. 
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into  kinetic  form,  sometimes  perhaps  simply  by  chemico- 
dynamic  change,  sometimes  by  chemico-electric  transforma- 
tion ;  and  this  in  turn,  and  possibly  also  the  energy  due  to  oxi- 
dation of  food,  and,  to  some  extent,  of  the  muscle  itself, 
into  mechanical  power,  into  the  vital  energy  of  the  auto- 
matic system,  and  into  the  form  of  energy  producing  brain- 
work. 

(7)  The  vital  machine  may  produce  electricity  as  one  prin- 
cipal output  of  its  working  processes,  and  probably  by  some 
direct  system,  without  intervention  of  either  heat-energy  or 
dynamical  power. 

(8)  The  vital  machine  may  produce  light-energy  in  sub- 
stantially unadulterated  form,  and  by  some  process  which 
does  not  involve  either  high  temperature  or  the  production 
of  heat,  or  other  energies,  to  be  rejected  as  waste. 

(9)  It  seems  most  probable,  in  view  of  what  has  been 
here  collated,  that  the  vital  machine  is  some  form  of 
chemico-  and  electro-dynamic  engine. 

We  know  that  the  vital  machine  is  not  thermo-dynamic 
in  the  sense  of  being  a  heat-engine  of  any  known  class.  We 
find  in  electricity  the  apparently  next  most  available  form 
of  energy  for  use  in  transformation  into  dynamic  and 
thermal  and  other  forms,  and  many  accept  this  as  a  pro- 
visional, a  working,  hypothesis.  This  was  long  ago  hinted 
at  by  the  greatest  scientific  men,  the  greatest  minds,  it 
would  perhaps  be  fair  to  say,  that  have  illuminated  the  his- 
tory of  the  race.  A  century  ago,  Benjamin  Thompson, 
(Count  Rumford)  a  keen  ''  Yankee,"  with  uncontrollable  in- 
clinations toward  scientific  research,  showed,  to  his  own  satis- 
faction, and  to  the  extent  of  proving  to  others  its  probabil- 
ity, that  the  animal  system  constitutes  a  machine  of  higher 
efficiency  than  any  steam  engine.*  Joule,  as  long  ago  as 
1846,  working  with  Captain  Scoresby,  concluded  that  the 
animal  motor  "  more  closely  resembles  an  electro-magnetic 
engine  than  a  heat-engine,"  and  this  is  reaffirmed  by  Tait  in 
our  own  day.f     Sir  William  Thomson,  now   Lord    Kelvin, 

*"Rumford's  Essays,"  1800. 
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in  his  papers  of  about  1850,  adopts  the  idea  of  Joule,  and 
introduces  the  principle  of  Carnot,  and  says  explicitly : 
**  When  an  animal  works  against  a  resisting  force,  there  is 
not  a  conversion  of  heat  into  mechanical  effect,  but  the 
full  thermal  equivalent  of  the  chemical  forces  is  never  pro- 
duced ;  in  other  words,  the  animal  body  does  not  act  as  a 
thermo-dynamic  engine,  and  very  probably  the  chemical 
forces  produce  the  external  mechanical  effects  through  elec- 
trical means."  We  have  now  seen  how  all  investigations 
made  before  and  since  that  date,  so  far  as  interpretable, 
point  to  the  same  conclusion  :*  that  the  machine  is  not  a 
heat-engine. 

TJie  possibilities  of  improvement  by  simulating  or  parallel- 
ling nature  are  seemingly  stupendous.  Could  the  chemical 
energy  of  fuel  oxidation  be  directly  transformed  into  dyna- 
mic energy ;  could  it  even  be  changed  by  double  or  by  indi- 
rect transformation,  as  through  the  intermediary  of  elec- 
tricity, and  in  such  manner  as  to  insure  a  full  equivalence 
of  utilizable  energy,  it  is  evident  that  we  might  anticipate  a 
conversion  as  economical  as  we  now  attain  in  the  transfor- 
mation of  mechanical  into  electrical  energy,  and,  conse- 
quently, many  times  as  large  a  return  for  outgo  as  we  at 
present  realize,  and  correspondingly  lengthened  time  of 
exhaustion  of  our  stores  of  primary  energy.  At  first 
thought,  the  possibility  of  an  economic  gain  in  power- 
production,  by  following  nature  in  energy-transformations 
through  processes  which  involve  the  organization  of  a 
sugar  manufactory  as  a  source  of  fuel  supply,  may  seem 
somewhat  unpromising ;  but,  when  it  is  considered  that 
sugars  and  glycogens  are  but  carbon  and  water,  and  that  the 
chemist  has  successfully  attacked  many  other  more  unprom- 
ising cases,  as  the  synthesis  of  madder,  and  of  the  various 
other  commercial  substitutes  for  natural  products,  the  pos- 
sibilities, even  seen  from  a  financial  standpoint,  are  not 
apparently  absolutely  to  be  ignored.  Similarly,  could  chem- 
ical energy  be  directly  and  fully  transformed  into  light, 
where  needed,  and  as  effectively  as  nature  performs  these 

*"  Mathematical  Papers,"  Vol.  I,  Iviii,  p.  505. 
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operations  of  energy-transformation  in  the  vital  apparatus, 
the  enormous  expenditure,  the  fearful  wastes,  now  going  on, 
even  in  our  production  of  out-of-door  light  by  the  use  of 
the  electric  arc,  would  be  reduced  to  a  fraction  of  their 
present  amounts,  and  to  an  insignificant  fraction  of  total 
costs.  Could  vital  energy  be  identified  and  brought  under 
control,  or  could  that  mysterious  energy  which  is  its  servant 
in  directing  and  producing  animal  power,  be  securely  gained 
and  its  processes  understood  and  controlled,  it  would  seem 
possible  that  direct  transformations  of  energy— which  prob- 
ably means  by  influencing  molecular  and  atomic  rather 
than  molar  motion— might  be  made  possible  to  man,  and  all 
this  impressive  and  wonderful  chain  of  consequences  caused 
to  follow.  ^ 

The  application  of  ELECTRICITY  to  the  BLEACH- 
ING OF  TEXTILE  FIBRES.-^ 


By  Louis  J.  Matos,  Chemical  Engineer. 


The  lecturer  was  introduced  by  Prof.  Sadtler,  of  the  Insti- 
tute, and  spoke  as  follows  : 

Members  of  the  Institute,  Ladies  and  Gentlemen: 

Of  all  the  operations  through  which  the  textile  fibres  are 
passed  in  the  manufacture  of  fabrics,  none  is  of  greater 
importance,  and  it  should  be  remarked  with  emphasis  that 
none  has  received  a  greater  share  of  attention  at  the  hands 
of  practical  mill  men,  technologists  and  chemists,  than  that 
of  bleaching. 

Referring  to  my  subject,  I  think  it  most  fitting  to  make 
a  few  remarks  of  an  historical  character,  which  may  serve  as 
a  preface  to  this  most  recent  stage  to  which  the  art  of 
bleaching  has  advanced. 

The  art  of  bleaching  has  been  known  and  practiced  from 
the  earliest  times.  The  products  from  the  looms  of  the 
early  Egyptians  and  Phoenicians  were  brilliant  examples  of 
the  art,  and  bore  silent  testimony  to  the  esteem  with  which 

*  A  lecture  delivered  before  the  Franklin  Institute,  November  30,  1894. 
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the  fabrics  were  held  by  the  inhabitants  of  the  other  nations 
who  traded  with  them. 

At  one  time  the  Dutch  appear  to  have  controlled  entirely 
the  bleaching  of  linens,  large  quantities  of  which,  in  the 
raw  state,  were  shipped  from  other  countries  to  Holland,  to 
be  bleached,  and  were  then  returned. 

As  the  trade  increased,  causing  a  greater  demand  for  the 
bleached  goods,  the  time  could  not  be  spared  for  exporting 
the  woven  material  to  be  bleached  and  reshipped,  and  it 
became  necessary  to  perform  the  bleaching  at  the  home  of 
the  industry.  As  a  consequence  the  Irish  process  was 
developed,  and  became  a  very  important  trade  factor. 

The  earliest  process  of  bleaching  in  Great  Britain  was 
conducted  with  great. care  and  attention  to  details.  Fields 
of  immense  area  were  devoted  wholly  to  the  practice  of  the 
art,  which,  in  the  early  days  of  the  eighteenth  century,  was 
carried  on  by  whole  families,  and  the  secrets  of  the  art  were 
handed  down  for  generations  from  father  to  son.  The  trade 
was  an  eminently  respectable  one,  and  the  products  of  cer- 
tain bleachers  were  highly  prized. 

The  earliest  method  of  bleaching,  of  which  we  have  any 
positive  knowledge,  consisted  merely  in  spreading  the  fabrics 
on  the  grass,  and  exposing  them  to  the  action  of  the  direct 
sunlight  and  of  the  dew,  for  periods  of  time  varying  from 
days  to  months  ;  and,  notwithstanding  the  many  advances 
made  in  the  art,  it  is  worthy  of  note  that,  up  to  within  a 
very  recent  date,  many  of  the  finest  bleached  fabrics  were 
treated  in  this  way.  It  may  be  remarked  that  one  brand  of 
linens  is  to-day  bleached  by  a  process  very  closely  allied  to 
this  primitive  one,  and  which  may  be  briefly  outlined  as 
follows :  The  fabric  is  treated  to  an  alkaline  solution  pre- 
pared by  leaching  wood  ashes,  the  action  of  which  is  to  dis- 
solve from  the  fibres,  such  natural,  or  intentionally  added, 
oils  or  greases.  The  material  is  then  well  washed  in  running 
water  in  order  to  remove  the  last  trace  of  alkalinity,  after 
which  the  fabric  is  exposed  in  the  fields  for  several  weeks, 
The  material  is  then  gathered  in,  worked  in  a  bath  of  sour 
milk,  again  well  washed,  and  the  exposure  in  the  fields 
repeated.     According  to  the  kind  and  quality  of  the  goods, 
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the  entire  process  here  described  was  repeated  several 
times,  or  until  the  desired  degree  of  whiteness  was 
obtained. 

As  will  readily  be  understood,  there  is  nothing  in  this 
process  which  can,  in  the  slightest  degree,  injure  the  fibres, 
and,  as  a  consequence,  many  of  the  treasured  linens  of  the 
olden  time  are  still  in  an  excellent  condition  of  preserva- 
tion. 

To  an  eminent  French  chemist  (Berthollet),  we  are  in- 
debted for  the  first  use  of  chlorine,  which  reduced  the  time 
of  exposure  in  the  fields,  from  weeks  and  days,  to  a  few 
hours,  but  it  was  long  after  his  experiments  that  the  new 
order  of  things  became  general;  in  fact,  it  did  not  become 
commercially  possible  until  our  common  *'  chloride  of  lime," 
or  "  bleaching  powder,"  became  an  article  of  trade.  The 
•old  school  bleachers,  of  course,  fought  hard  against  the  new 
agent,  but,  like  every  new  and  substantial  advance  in  the 
art,  it  entered  the  field  to  stay. 

The  advent  of  bleaching  powder  marks  the  commence- 
ment of  modern  bleaching,  and  I  shall  take  a  few  moments 
of  your  time  in  reviewing  the  important  methods  as  applied 
to  the  principal  textile  fibres. 

Cotton  is  never  bleached  in  the  unmanufactured  condi- 
tion, but  in  the  manufactured  state  is  frequently  subjected 
to  the  process.  As  yarn,  it  is  first  "■  boiled  out  "  with  very 
dilute  caustic  soda,  to  remove  the  oil  or  gum,  then  washed 
or  not,  as  desired,  then  immersed  for  one  or  two  hours  in  a 
clear  bath  of  bleaching  powder,  then  washed  to  remove 
excess  of  bleaching  liquor,  and  finally  passed  through  a  very 
weak  bath  of  sulphuric,  or  hydrochloric,  acid.  When  in  the 
condition  of  warps  (which  may  be  1,200  yards  in  length),  it  is 
subjected  to  the  same  treatment,  except  that  special  m.a- 
chines  are  required  for  the  handling  of  threads  of  such 
great  length.  In  the  form  of  woven  fabrics,  peculiar  appa- 
ratus, and  special  care  and  skill  are  required,  and  great  in- 
genuity is  displayed  in  the  mechanico-chemical  part  of  the 
operation.  Two  systems  are  in  use,  which  are  known 
respectively  as  the  high  pressure  and  low  pressure  systems. 
The  essential  difference  between  these  lies  in  the  length  of 
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time  the  goods  are  subjected  to  the  boiling.  In  both,  also^ 
the  operation  is  divided  into  two  stages.  The  first,  in  which 
the  cleaning  of  the  goods  is  effected,  consists  in  boiling 
with  lime  or  soda,  followed  with  a  weak  acid  (termed  a 
*'  sour  "),  then  with  soap  and  soda,  followed  by  a  wash.  The 
second  is  the  bleaching  proper,  in  which  the  goods  are 
brought,  for  a  definite  length  of  time,  in  contact  with  the 
actual  bleaching  agent,  followed  by  a  wash,  and  a  passage 
through  very  dilute  sulphuric  acid,  after  which  the  goods 
are  allowed  to  lie  in  heaps  for  a  time,  then  well  washed,  and 
dried  over  revolving  cans  heated  by  steam. 

Modifications  of  the  above  processes  have  appeared  from 
time  to  time.  A  notable  one  was  that  of  the  Messrs. 
Mather  &  Thompson,  and  is  admirably  suited  for  warps  and 
piece  goods.  The  important  feature  in  this  process  resides 
in  the  use  of  carbonic  acid  gas,  by  which  hypochlorous  acid 
is  liberated,  which,  in  turn,  effects  the  whitening  of  the 
fabrics. 

The  previous  remarks  cover  the  essential  points  govern- 
ing the  bleaching  of  cotton,  and  I  may  state  that  the  same 
principles,  with  only  slight  alterations,  are  applied  to  the 
bleaching  of  linen  and  jute. 

Animal  fibres  are  never  bleached  with  any  of  the  com- 
pounds of  chlorine,  for  the  important  reason  that  all  such 
compounds  impart  to  wool  a  yellow  color,  instead  of  the 
white  color  desired.  Wool  and  allied  fibres,  however,  are 
beautifully  bleached  by  means  of  sulphur  employed  in  the 
form  of  sulphurous  acid  gas,  the  damp  yarns  or  fabrics 
being  suspended  in  a  closed  chamber  in  which  stick  sulphur 
or  brimstone  is  burning.  The  process  is  too  well  known  to 
require  lengthy  explanation.  Animal  fibres  are  also  well 
bleached  by  means  of  a  solution  of  some  sulphite,  prefer- 
ably the  sodium  sulphite,  which  yields  results  equal  to  the 
"  sulphur  house  "  method. 

We  have  now  reached  the  point  where  brief  reference 
should  be  made  to  the  use  of  peroxides — notably,  those  of 
barium,  hydrogen,  and  lastly,  of  sodium — in  the  technology 
of  bleaching.  Of  late,  these  substances  have  found  exten- 
sive application  in  the  textile  industry,  and  their  consump- 
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tion,    particularly    that     of    the    last    two,    is    continually 


increasing'. 


Cotton  bleaching  with  the  peroxides  has  not  yet  reached 
commercial  importance,  but  wool  and  silk  are  treated  in 
g'reat  quantities,  the  course  of  the  operations  with  both 
being-  substantially  the  same.  Peroxide  of  hydrogen  occurs 
in  the  trade  as  a  liquid  which  reaches  the  bleacher's  hands 
directly  without  further  treatment  than  to  dilute  it  largely 
with  water,  and  to  neutralize  the  bath  with  ammonia  or  other 
alkali,  when  the  fabric  or  yarn  is  immersed  until  the  desired 
degree  of  whiteness  is  obtained.  Peroxide  of  sodium,  on 
the  other  hand,  is  in  the  form  of  a  coarse  powder,  which 
must  first  be  dissolved  in  water,  then  decomposed  with  a 
definite  quantity  of  sulphuric  acid,  the  excess  of  which  is 
neutralized  with  an  alkali,  after  which  the  goods  to  be 
bleached  are  immersed.  The  chemical  control  of  these  two 
bleaches  is  the  same,  as  hydrogen  peroxide  is  also  the  agent 
liberated  in  the  latter  case,  and  suffers  the  same  decompo- 
sition. The  strength  of  the  baths  is  determined  by  means 
of  a  solution  of  potassium  permanganate. 

BLEACHING    WITH    ELECTRICITY. 

Of  all  the  many  and  varied  uses  to  which  the  electric 
current  is  put,  there  is  none  of  more  interest  to  the  textile 
chemist  than  its  application  to  bleaching.  It  should  be 
explained  at  the  outset  that  electricity  per  se  is  totally 
devoid  of  any  bleaching  properties,  and  that  the  textile 
chemist  simply  avails  himself  of  the  property  of  the  elec- 
tric current  to  effect  certain  chemical  decompositions,  which 
he  is  able  to  utilize  advantageously  in  his  art. 

The  earliest  attempts  to  use  electricity  for  this  purpose 
are  somewhat  clouded  in  obscurity,  but  it  is  certain  that  the 
credit  for  the  first  commercially  available  results  are  due  to 
Mr.  Eugene  Hermite,  the  inventor  of  the  process  I  am  about 
to  describe  in  detail. 

The  bleaching  liquor  employed  in  this  process  is  produced 
hy  the  action  of  the  electric  current  upon  an  aqueous  solution 
of  a  metallic  chloride.  The  one  found  to  be  most  desirable, 
owing  to  its  greater  economical  value,  is  that  of  magnesium. 


I82 


Maios  : 


[J.  F.  I., 


although  the  chloride  of  calcium,  or  of  aluminium,  may  be 
used  with  the  same  result.  As  will  readily  be  understood, 
upon  passing  a  current  through  such  a  liquid,  there  occurs 
a  simultaneous  decomposition  of  the  chloride  present  and 
the  water.  The  result  of  this  electrolytic  action  is  the 
simultaneous  liberation,  at  the  positive  pole, "  of  chlorine 
and  oxygen.  These  two  gases — in  the  nascent  state — unite 
at  the  positive  pole,  with  the  production  of  an  unstable 
compound  possessing,  to  a  very  great  degree,  effective  decol- 
orizing properties.  Simultaneously  also,  at  the  negative 
pole,  the  action  of  the  current  liberates  magnesium,  and  as 
the    magnesium     instantly    decomposes   an   equivalent   of 


Fig.  I. 

water,  we  obtain,  as  products  of  this  reaction,  hydrogen  and 
oxide  of  magnesium. 

Now,  if  we  add  to  the  electrolyzed  solution,  or  bleach 
bath,  some  vegetable  fibre — for  example,  digested  and 
washed  wood-pulp — the  natural  coloring  matter  of  the  fibre 
is  destroyed  by  the  highly  oxidizing  power  of  the  chlorine- 
oxygen  compound  previously  mentioned,  and  the  chlorine,, 
which  is  now  set  free,  immediately  unites  with  the  hydrogen, 
forming  hydrochloric  acid,  and  this,  in  turn,  in  the  presence 
of  the  magnesium  oxide,  dissolves  that  substance,  re-forming 
the  original  salt  in  solution.  After  the  pulp  has  become 
sufficiently    bleached,  the    liquor  is    drained  off,  run  back 
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into  the  decomposino;  or  electrolyzing  vat,  and,  after  the 
addition  of  a  small  quantity  of  frevsh  magnesic  chloride, 
it  is  ready  for  another  operation,  on  passing  the  current. 
The  pulp  only  requires  to  be  washed,  as  is  ordinarily  done 
at  the  present  time  in  the  common  bleaching  powder  pro- 
cess, and  is  then  ready  for  conversion  into  paper. 

Thus  we  see  that  but  two  elements  are  consumed  in  the 
operation — electricity,  and  the  coloring  matter  of  the  sub- 
stance to  be  bleached. 

The  electrolyzer,  which  is  the  most  important  piece  of 
apparatus  in  the  plant,  is  shown  in  Fig.  i.  It  consists  of  a 
vat,  or  tank,  of  galvanized  iron,  provided  with  a  tube  of  zinc, 
perforated  with  holes  in  order  to  facilitate   the  circulation 


Fig.  2. 

of  the  liquors.  The  negative  electrodes  are  made  of  zinc 
in  the  shape  of  disks,  and  are  secured  to  horizontal  shafts, 
which,  by  proper  gearing,  are  caused  slowly  to  revolve. 
Between  each  pair  of  these  disks  are  placed  the  positive 
electrodes,  Fig.  2^  each  of  which  consists  of  an  ebonite  frame, 
holding,  with  the  necessary  firmness,  a  net,  or  perforated 
strip,  of  platinum.  Each  of  these  pieces  of  platinum  is 
soldered  by  its  upper  edge  to  a  piece  of  lead,  and  is  com- 
pletely isolated.  Every  frame  of  the  positive  poles  com- 
municates, by  means  of  a  piece  of  lead,  to  a  bar  of  copper 
which  traverses  the  electrolyzer. 

The  bar  of  copper  to  which  the  positive  electrodes  are 
attached,  is  in  communication  with  the  positive  pole  of  ^the 
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dynamo.  The  current  is  distributed  through  all  the  elec- 
trodes of  platinum,  and  passes  through  the  liquid  to  the 
disks  of  zinc  forming  the  negative  electrodes,  which  are 
connected  by  means  of  the  tank,  or  vat,  with  the  negative 
pole  of  the  dynamo. 

In  order  to  maintain  the  negative  electrodes  at  the  proper 
distance  apart,  ebonite  blades  are  fastened  to  the  positive 
electrodes.  At  the  lower  portion  of  the  box,  or  tank,  is  a 
gate,  or  door,  which  permits  of  access  to  the  apparatus  for 
cleaning ;  a  valve  is  also  provided  for  drawing  off  the  liquor 
should  this  become  necessary. 

When  several  electrolyzers  are  employed  in  a  battery, 
the  negative  pole  of  one  is  connected  to  the  positive  pole  of 
the  next  in  the  series,  and  so  on  to  the  last  one. 

The  current  strength  ordinarily  employed  in  the  electro- 
lyzer  is  from  i  to  1*2  amperes,  and  with  a  corresponding 
electro-motive  force  of  5  volts.  Instruments  for  measuring 
the  strength  of  the  ciirrent  are  placed  in  the  circuit,  and  give 
at  any  moment  a  record  of  the  force  utilized. 

The  electrolyzers  require  no  special  attention ;  about 
once  in  every  month  the  apparatus  is  thoroughly  cleansed 
with  water  through  the  door  previously  mentioned,  applied 
by  means  of  a  rubber  hose ;  it  is  not  necessary  to  dismantle 
it  for  the  purpose.  The  wear  of  the  electrodes,  in  conse- 
quence, is  very  slight. 

The  conductors,  which  join  the  electrolyzers  and  which 
bring  the  current  from  the  dynamo,  are  made  of  bars  of 
commercially-pure  copper ;  the  cross-sectional  area  of  these 
bars  varies  with  the  distance  between  the  dynamo  and  the 
electrolyzer. 

It  is  always  advisable  to  locate  the  dynamo  and  the 
electrolyzer  as  close  to  each  other  as  possible. 

Fig.  J  shows  the  large  type  of  electrolyzer,  with  gearing 
in  place  to  revolve  the  negative  poles.  Fig.  ^  shows  a  com;,- 
plete  electrolyzing  apparatus,  embracing  dynamo,  electro- 
lyzer and  storage  tanks,  in  position. 

The  Dynamo. — For  this  work  a  very  strong  type  of  machine 
is  required,  and  it  should  be  so  constructed  as  to  be  capable 
of  yielding  its  maximum  duty — running  day  and  night. 
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Tlie  BleaeJiino-. — Bearing  in  mind  the  remark,  previously 
made,  respecting-  the  peculiar  action  of  chlorine  upon  ani- 
mal fibres,  it  will  be  understood  that  the  electrolytic  process 
is  inapplicable  to  them.  We  will  confine  onr  remarks,  in 
consequence,  to  the  bleaching  of  vegetable  fibres,  in  con- 
nection with  which  much  has  already  been  accomplished 
with  the  process,  and  where  there  is  still  room  for  important 
improvements. 

The  fibre  of  most  importance  is,  of  course,  cotton,  and 
of  this  I  shall  speak  first. 

Cotton  occurs  in  the  form  of  a  silky  hair,  which,  when 
examined  under  the  microscope,  is  revealed  to  us  as  a 
flattened  tube,  more  or  less  twisted,  and  of  a  pearly-white 
color.  It  consists  almost  wholly  of  cellulose,  with  certain 
admixtures  which  are  natural  to  it,  such  as  moisture,  several 
coloring  matters — collectively  termed  *'  endochrome  "  oils — 
and  a  certain  amount  of  inorganic  salts.  The  quantities  of 
these  admixed  substances  peculiar  to  cotton  are  small,  but, 
in  the  processes  of  converting  the  crude  fibre  into  a  manu- 
factured product,  certain  other  substances  are  added,  such 
as  oils,  fats,  starches,  sizes,  mineral  matters,  etc.,  all  of 
which  must  be  removed  before  the  goods  can  be  properly 
bleached.  To  do  this  it  is  necessary  to  subject  the  goods 
to  a  preliminary  boiling  or  scouring. 

Electrolytic  Bleaching  of  Sliibbing. — In  this  state,  cotton 
is  difficult  to  bleach,  owing  to  the  mechanical  obstacles  ; 
nevertheless,  it  is  done,  and  with  remarkable  success. 
Preliminary  scouring  is  out  of  the  question,  and  the  elec- 
trolyzed  solution  is  allowed  to  act  directly  on  the  material. 
The  contained  waxy  matters,  and  those  which  are  insoluble, 
are  not  acted  upon  by  the  solution,  but  the  latter  causes  a 
decomposition  of  the  coloring  matter,  which  is  converted 
into  carbonic  acid.  The  pectic  acid  is  changed  into  a  solu- 
ble pectate  of  magnesia,  and  the  remaining  mineral  matters 
are  dissolved.  The  greatest  difficulty  encountered  is  in 
causing  the  liquid  to  penetrate  evenly  into  every  part  of  the 
slubbing,  but  this  is  overcome  by  the  use  of  pressure. 

The  length  of  time  required  for  the  immersion  varies 
according  to  the  color  of  the  cotton  treated,  according  to 
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the  degree  of  white  desired,  and  also  according  to  the 
amount  of  chlorine  and  oxygen  contained  in  the  solution. 
Compared  with  the  old  method  of  immersion  in  the  chloride 
of  lime  solution,  the  time  can  be  very  greatly  prolonged 
without  injury  to  the  fibres.  After  bleaching,  the  cotton  is 
removed,  carefully  washed  with  water  slightly  acidulated 
with  sulphuric  acid ;  this  is  followed  with  a  rinse,  the  excess 
of  water  is  removed,  and  the  stuff  is  finally  dried  in  the  ordi- 
nary way. 

Electrolytic  Bleaching  of  Cotton  on  Cops  and  Bobbins. — Some 
difficulty  is  experienced  in  successfully  bleaching  yarn  that 
is  wound  upon  tubes  or  spools,  owing  to  the  resistance 
offered  by  the  threads  when  superposed,  but,  by  employing 
the  conditions  advised  for  the  bleaching  of  slubbing,  the 
difficulty  is  overcome.  The  cotton  is  acted  upon  by  the 
bleach  liquor  of  suitable  strength,  and,  owing  to  the  rapid 
action  of  the  solution,  the  fibres  are  bleached  during  the 
ingress  of  the  liquid. 

Electrolytic  Bleaching  of  Yarn  and  Cloth. — These  offer  the 
fewest  obstacles.  Yarn  is  bleached  in  a  series  of  tanks  sup- 
plied with  the  solution  of  constant  strength  from  the  elec- 
trolyzer.  Cloth  is  similarly  treated,  except  that  it  can  be 
passed  through  the  bath  in  a  continuous  form. 

Electrolytic  Bleaching  of  Linen  and  Hemp. — These  fibres 
differ  very  much  from  cotton  in  the  amount  and  nature  of 
the  extraneous  matters  which  they  contain.  Linen  is  made 
from  the  fibrous  part  of  the  flax  plant.  The  flax  fibres  are 
bound  together  by  a  cement-like  substance,  which  must  be 
removed  in  order  to  isolate  the  individual  fibres.  The 
removal  of  this  substance  constitutes  the  very  important 
process  of  ''  retting,"  of  which  several  methods  are  carried 
on.  The  oldest,  and  perhaps  the  best  known,  is  the  retting 
by  fermentation,  which  is  a  kind  of  rotting  of  the  lig- 
neous matter.  After  this  is  removed,  the  subsequent 
operations  of  bleaching  and  dyeing  are  in  order.  It  has 
been  found  that  if  these  fibres  are  subjected  to  the  action 
of  the  electric  current  in  the  bleach-tank,  the  oxygen, 
which  is  given  up  very  readily,  oxidizes  the  constituents 
of   the  vegetable    cement,    converting   them  into  resinous 


Mar.,  1895.]  Blcachiuo-  of  lex  tile  Fibres.  189 

bodies,  and  thereupon  at  once  proceeds  to  exercise  its 
bleaching  powers.  When  the  fibres  have  assumed  a  yel- 
lowish or  reddish  color,  the  oxidation  is  finished,  fur- 
ther treatment  in  the  electrolytic  bath  is  stopped,  the 
material  is  removed  and  subjected  to  the  action  of  boiling 
caustic  or  carbonated  alkalies,  either  with  or  without  pres- 
sure. This  boiling  operation  effects  the  more  or  less  com- 
plete removal  of  these  resinous  bodies,  and  leaves  the  fibres 
in  a  very  clean  and  free  condition,  ready  for  further  treat- 
ment. To  bleach,  all  that  is  now  necessary  is  to  subject  the 
fibres  to  a  simple  passage  through  the  electrolytic  solution, 
when  a  white  of  extreme  brilliancy  is  obtained,  and  a  silky 
feel  is  imparted  to  the  fibres,  which  can  be  obtained  by  no 
other  process,  if  the  fibres  have  been  retted  in  the  ordi- 
narv  manner. 

Electrolytic  Bleaching  of  Linen  Threads. — Threads  made  of 
electrically  retted  fibres  are  of  great  purity,  containing, 
besides  cellulose,  the  natural  coloring  matter,  and  the 
residues  of  the  vegetable  cement,  and,  from  what  has 
preceded,  it  is  easily  seen  that  the  bleaching  of  yarns  is 
devoid  of  any  difficulty.  In  comparison  with  the  ordinary 
bleaching-powder  process,  that  of  Hermite  has  the  decided 
advantage  that  the  liberated  gases,  which  do  the  bleaching, 
do  not,  as  is  the  case  in  the  old  method,  act  injuriously  upon 
the  fibres.  A  modification  of  cellulose— termed  "oxy-cellu- 
lose" — is  formed  in  the  old  process,  which  is  responsible  for 
a  considerable  loss  of  fibre. 

Electrolytic  Bleaching  of  Jute. — This  fibrous  substance  is 
one  of  a  group  closely  allied  to  linen,  but  it  has  been  quite 
impossible  to  bleach  it  on  account  of  its  feeble  resistance 
to  oxidizing  agents.  By  way  of  comparison,  I  will  describe 
the  method  most  generally  in  use,  at  the  present  time,  for 
bleaching  this  substance : 

The  goods  are  scoured  in  a  bath  containing  half  of  one 
per  cent,  of  silicate  of  soda,  and  kept  at  a  fair  heat ;  then 
washed  and  passed  through  a  bath  of  sodium  hypochlorite, 
containing  about  one  per  cent,  of  available  chlorine  ;  well 
^vashed,  passed  through  a  weak  bath  of  hydrochloric  acid; 
then  washed  again.     The  bleaching  by  the  Hermite  process. 
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which  resembles  that  for  linen,  consists  in  the  preliminary 
removal  of  the  cutose  and  vasculose  (vegetable  cement)  by 
conversion  into  resinous  bodies,  and  the  extraction  of  these 
by  treatment  with  soda  or  other  alkali.  The  actual  bleach- 
ing is  done  by  means  of  the  electrolyzed  solution,  worked 
in  a  tank,  in  the  same  manner  as  with  the  ordinary  chloride 
of  lime  process. 

APPLICATION    OF    ELECTRICITY   TO    THE    BLEACHING    OF 

PAPER-PULP. 

Having  considered  the  several  bleaching  processes  as 
applied  to  the  textile  fibres  which  are  met  with  in  the  ordi- 
nary course  of  manufacturing  operations,  I  will  now  bring 
to  your  attention  another  condition  of  fibrous  materials,  the 
isolation,  bleaching  and  finishing  of  which,  demands 
the  highest  qualities  of  both  chemical  and  mechanical 
skill.     I  refer  to  the  manufacture  of  paper. 

The  art  of  paper-making  is  very  old,  very  interesting, 
and,  when  all  the  points  are  considered,  it  is  seen  to  be  a 
very  elaborate  process.  It  must  not  be  thought  for  one 
moment  that  the  elegant  specimens  of  papers  and  card- 
boards, which  almost  daily  come  under  our  attention,  are 
the  results  of  any  one  series  of  experiments.  As  a  matter 
of  fact,  such  examples  of  skill  are  the  final  products  of  a 
process  of  evolution. 

Many  of  you,  no  doubt,  have  been  through  a  paper  mill, 
and  have  seen  the  process  of  making  great,  long  sheets,  or 
rolls  of  paper,  of  exquisite  whiteness  and  brilliancy,  and 
have  seen  also  the  great  bins  of  rags,  collected  here  and 
there,  from  which  the  fine  paper  is  made.  For  the  informa- 
tion of  those  who  have  not  seen  the  process,  I  will  describe 
it  somewhat  briefly. 

The  rags  are  first  assorted  according  to  quality,  the 
cleanest  and  finest  pieces  being  set  aside  for  the  very  finest 
linen  papers.  They  are  then  cut  into  small  pieces  and 
boiled  in  a  solution  of  lime,  caustic  soda,  or  a  mixture  of 
lime  and  soda-ash.  This  operation  loosens  the  dirt,  and 
prepares  the  material — called  pulp — for  the  subsequent  pro- 
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cesses.  The  next  operation  is  the  washing,  which  has  for 
its  object  the  removal  of  the  soda  or  other  alkali  used.  Then 
comes  the  bleaching,  which  is  ordinarily  done  by  a  solution 
of  chloride  of  lime,  the  strength  employed  being  usually 
about  half  a  pound  of  bleach  to  the  gallon  of  water.  The 
bleaching  is  done  in  vats,  called  '*  potchers."  When  the 
pulp  has  been  sufficiently  bleached,  it  is  again  washed  and 
run  into  a  machine  known  as  a  beater,  which  serves  to 
reduce  to  a  finer  state  of  division  the  smaller  particles  of 
pulp,  after  which  the  material  is  pumped  into  the  paper- 
making  machine. 

Wood,  of  the  poplar,  spruce,  pine  and  other  allied 
species,  is  largely  employed  in  the  making  of  paper,  and, 
strange  as  it  may  seem  to  the  uninitiated,  products  of  excel- 
lent quality  are  made  from  wood,  which  compare  very 
favorably  with  the  best  of  those  made  from  linen. 

To  render  the  wood  fit  for  paper-making,  it  must  be 
chopped  into  small  pieces,  and  boiled  with  caustic  soda  in 
large  vessels.  This  treatment  reduces  the  wood  to  its  ele- 
ments ;  that  is,  it  causes  the  solution  of  the  resinous  and 
other  matters  which  hold  the  individual  fibres  together. 
After  this  treatment,  the  pulp  is  washed  with  water,  and 
run  through  a  machine,  called  a  pulp-strainer,  which 
removes  any  particles  of  woody  matter  that  have  escaped 
disintegration  in  the  boiling.  The  clear  pulp  is  now  ready 
for  bleaching,  which  is  done  in  almost  the  same  manner, 
and  with  the  same  materials,  as  with  rags.  After  the 
bleaching,  the  pulp  is  washed  and  is  now  ready  to  be  con- 
verted into  paper. 

Referring  to  the  bleaching,  paper-makers  are  confronted 
with  several  serious  obstacles  in  the  process  as  it  is  now 
carried  on  with  the  aid  of  chloride  of  lime.  The  chief  of 
these  are  its  cost,  which  every  one  wishes  to  reduce ;  the 
amount  of  room  required  ;  the  unpleasantness  of  the  opera- 
tion ;  and,  finally,  the  fact  that,  although  fibre  has  been 
bleached  to  a  beautiful  white,  it  is  lacking  in  strength. 
There  is  another  objection,  which,  though  a  negative  one,  is 
important,  namely,  the  fact  that  there  are  some  woods, 
readily  available    and    otherwise  desirable  for   the   paper- 
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maker's  use,  which  cannot  be  worked  because  of  the  im- 
possibility of  bleaching  them  properly  by  this  process. 

Chemically,  raw  wood  is  closely  allied  to  jute  and  linen, 
in  having  present  in  its  tissues  binding  materials  which 
hold  the  fibres  together,  and  which  impart  a  decided  color 
to   the  wood.      Boiling   with   caustic    soda   resolves    these 


Fig.  5. 

binding  materials  into  soluble  products  which  are  easily 
removed  by  subsequent  washing.  Now,  let  us  suppose 
that  the  boiled  and  washed  wood-pulp  is  worked,  or  kept  in 
agitation,  in  a  solution  from  an  electrolyzer.  What  should 
happen?  Simply  this  :  the  remaining  traces  of  the  binding 
material  should  be  completely  decomposed,  and  the  color- 
ing matters  pervading  the  wood  cells  completely  oxidized 
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to  carbonic  acid,  leaving  the  wood  fibres  in  a  condition  to 
truthfully  deserve  the  name  "  cellulose."  This  is  what  the 
electrolytic  processes  actually  do  for  the  paper-maker,  and 
I  shall  take  a  few  minutes  to  describe  the  methods  proposed, 
and  those  in  use,  for  making  merchantable  products. 

The  process  of  Karl  Kellner,  patented  in  1885,  consists 
mainly  in  subjecting  the  wood-pulp  to  the  action  of  a  solu- 
tion of  common  salt  at  a  temperature  of  284°  F.,  or  therea- 
bout, and  with  the  simultaneous  passage  of  the  electric  cur- 
rent. The  strength  of  the  salt  solution  is  recommen^led  to 
be  about   eight  per  cent.,  and  the  time  of   its  action  about 


three  to  three  and  one-half  hours.  In  the  Kellner  apparatus, 
the  poles,  which  are  of  carbon,  are  placed  in  the  lower  part  of 
the  apparatus,  Fig.  5,  and  connected  with  the  dynamo.  In 
operation,  the  course  of  the  current  is  alternated  at  intervals 
of  fifteen  or  thirty  minutes.  For  a  further  bleaching  of  the 
pulp,  an  apparatus  is  used  resembling  very  much  a  so-called 
"  hollander,"  having  two  compartments  suitably  connected 
with  pipes,  as  shown  in  Fig.  6.  In  this  apparatus  the  bleach- 
ing solution  contained  in  the  electrolyzer  is  forced,  by  a  rotary 
pump,  through  and  around  the  positive  and  negative  poles 
and  out  of  the  electrolyzer,  into  the  compartments  contain- 
VoL.  CXXXIX.    No.  831.  13 
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ing  the  pulp,  which  is  kept  in  constant  agitation  by  means 
of  a  revolving  paddle  wheel.  The  fresh  and  untreated  pulp 
enters  the  apparatus  at  one  end  and  leaves  it  through  a  dif- 
ferent channel  near  the  same  end.  The  whole  machine  is 
provided  with  a  screen  which  serves  to  keep  the  pulp  sep- 
arated from  the  partially  spent,or  exhausted,bleaching liquor. 
This  spent  liquor  is  pumped  back  through  the  electrolyzer, 
where  it  is  again  rendered  active,  and  the  operation  is  thus 
made  continuous. 

Another  form  of   apparatus,  embodying  in  its   construc- 
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Fig.  7. 

tion  the  essential  principles  of  the  machine  just  described, 
is  shown  in  Fig.  7.  Here  are  three  tubs,  or  vats,  one  within 
the  other,  and  in  the  center  of  the  bottom  is  placed  a  pro- 
peller, or  mixer,  intended  to  thoroughly  agitate  the  contents. 
Connected  with  these  vats,  and  conveniently  placed,  is  an 
electrolyzer,  fitted  with  a  pump,  by  which  it  is  caused  to 
deliver  a  volume  of  freshly  electrolyzed  liquor,  and,  at  the 
same  time,  to  receive  an  equivalent  volume  of  spent,  or 
partially  exhausted,  solution.  Here  is  shown  the  arrange- 
ment constructed  for  continuous  working,  and  where   the 
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highest  chemical  and  mechanical  economies  appear  to  be 
completely  realized. 

Naturally,  the  main  issue  involved  in  the  whole  subject 
of  the  technical  application  of  electricity  to   textile  bleach- 


Fig.  8. 


ing,  resolves  itself  into  the  question :  Can  a  process  which 
involves  the  use  of  such  seemingly  elaborate  apparatus 
compete  successfully  on  the  commercial  scale  with  the  chlor- 
ide of  lime  process  ?  and  I  answer,  yes.     I  am  prepared  to 
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go  even  farther,  and  to  affirm  my  full  conviction  that  the 
electrolytic  method  will  be  found  to  afford  our  manufactur- 
ers the  only  means  of  meeting  trade  competition,  and  that, 
unless  there  be  made  some  chemical  discovery  of  very  great 
utility  and  far-reaching  in  its  results,  by  which  the  cost  of 
bleaching  by  other  than  the  electrolytic  methods  will  be 
greatly  reduced,  the  latter  must  become  the  manufacturer's 
only  recourse. 

The  most  important  process  for  bleaching  by  means  of 
electrolyzed  solutions  of  alkaline  earth  chlorides,  as  I  have 
previously  mentioned,  is  that  of  Mr.  Hermite,  and  it  only 
remains  for  me  to  describe  the  method,  which  is  to-day  in 
actual  use  for  bleaching  wood-pulp,  not  only  in  Europe,  but 
also  in  the  United  States. 

Fig.  8  gives  us  a  more  complete  view  of  the  location  of 
the  several  parts  in  a  mill.  A  is  the  storage-vat  for  salt 
solution  ;  B,  the  electrolyzer  ;  C,  the  dynamo  ;  D,  trough  for 
electrolyzed  solution ;  E,  the  bleaching  hollander,  or  vat ; 
F,  drum  sieve  ;  G,  overflow  ;  H,  rotary  pump  ;  /  and  /,  pulp 
machine ;  K,  lifting  pump  for  exhausted  bleach  liquor  to 
supply  storage-vat  A,  The  apparatus  will  be  disposed,  of 
course,  in  the  most  convenient  manner,  and  it  is  most  desir- 
able to  locate  the  plant  in  such  a  way  as  to  provide,  as  far 
as  practicable,  for  a  natural  flow  of  the  solution  by  gravity, 
thereby  saving  in  pumpage. 

Compared  with  the  process  of  bleaching  with  chloride  of 
lime,  the  cost  by  the  electrolytic  process  is  reduced  by  about 
one-half,  and  it  should  be  said  in  favor  of  the  electrolytic 
method,  that  it  leaves  a  finer  white  upon  the  stock.  Re- 
garding the  consumption  of  salts,  bleached  pulp,  as  deliv- 
ered by  the  electrolytic  method,  contains  from  sixty  to ' 
seventy  per  cent,  of  mechanically-held  water.  In  other 
words,  with  every  loo  pounds  of  dry  pulp  yielded  in  this  pro- 
cess, we  will  have  withdrawn  from  1 50  to  230  pounds  of  water, 
which  will  have  contained  in  it  a  certain  amount  of  dissolved 
salts,  and  which  will  have  to  be  replaced  in  the  partially 
exhausted  bath  before  being  re-electrolyzed.  Carrying  our 
comparisons  further,  we  see  that  the  bleacher  has  at  his 
command  a  process   whereby  he   can  obtain   an    effective 


Mar.,  1895.]  Single-Phase  Synchronous  Motor.  197 

bleaching  agent  at  a  moment's  notice,  and  without  requir- 
ing extensive  changes  in  his  present  plant ;  that  the  bleach- 
ing agent  so  produced  is  free  from  any  residue  or  sediment; 
that  it  is  much  more  complete  in  its  bleaching  action  than 
chloride  of  lime  ;  that  the  action  on  the  fibres  is  rapid,  reg- 
ular, and  not  in  any  manner  injurious ;  that  it  is  cheap,  and 
with  a  constant,  or  nearly  constant,  cost,  as  the  raw  mater- 
ials are  low  in  price. 
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INTRODUCTION. 

The  phase  relations  of  the  different  variable  quantities 
in  any  alternating  current  problem  are  of  paramount  im- 
portance, and  have  often  been  the  subject  of  investigation 
in  the  study  of  the  action  of  the  transformer.  The  writers 
of  this  paper  have  recently  had  occasion  to  study  the  syn- 
chronous motor  with  particular  reference  to  these  phase 
relations,  and  to  compare  polar  diagrams  representing  the 
action  of  the  motor,  constructed  from  a  priori  reasoning, 
with  similar  diagrams  obtained  by  experiment.  The  com- 
plete discussion  of  the  action  of  a  synchronous  motor  which 
follows,  is  thus  verified  by  experiment.  The  polar  diagrams 
here  given,  constructed  from  experimental  data,  are  now 
published  for  the  first  time ;  other  portions  of  the  work 
have  already  been  published  in  some  preliminary  papers,* 
parts  of  which  are  here  included  verbatim.   The  experimental 


*  "The  Behavior  of  Single-Phase  Synchronous  Motors,"  by  H.  J.  Ryan  ; 
Sibley  Journal  of  Engiiieering,  vol.  viii,  No.  8,  May,  1S94. 

"An  Optical  Phase  Indicator  and  Synchronizer,"  by  G.  S.  Moler  and 
F.  Bedell,  a  paper  read  before  the  American  Institute  of  Electrical  Engineers, 
May,  1894  ;   Transactions,  vol.  xi,  p.  586. 

"The  Behavior  of  Single-Phase  Synchronous  Motors,"  by  C.  E.  Hewitt 
and  J.  Lyman  ;  Sibley  Journal  of  Engineering,  vol.  viii,  No.  9,  June,  1894. 
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work  was  performed  in  the  spring  of  1894,  under  the  direc- 
tion of  the  writers,  at  Cornell  University,  by  Messrs.  J. 
Lyman  and  C.  E.  Hewitt,  who  have  already  published  a 
partial  report  of  the  investigation  in  one  of  the  papers 
already  referred  to. 

We  will  first  discuss  the  action  of  a  synchronous  motor, 
and  will  then  describe  the  method  of  conducting  the  present 
investigation. 

THE   SYNCHRONOUS   MOTOR. 

The  action  of  the  commutator  on  a  direct-current  dynamo 
is  to  rectify  the  current. induced  in  the  armature;  that  is, 
the  current  from  the  dynamo  after  it  leaves  the  brushes 
flows  continually  in  one  direction,  although  the  current  in 
the  armature  coils  is  being  constantly  reversed.  The  com- 
mutator of  a  direct-current  motor  performs  the  converse 
function.  Let  us  suppose  that  we  have  two  similar  machines 
of  this  kind  separately  excited,  and  that  the  one  is  driving 
the  other  as  a  motor.  If  it  so  happens  that  the  two  arma- 
tures are  revolving  at  the  same  speed,  the  two  commutators 
may  be  done  away  with,  for  it  is  evident  that  the  rectif5^ing 
of  the  current  by  the  dynamo  commutator  is  counter- 
balanced by  the  corresponding  reversal  of  the  current  by 
the  motor  commutator.  The  current  in  the  coils  of  the 
motor  armature  flows  alternately  in  opposite  directions 
corresponding  exactly  to  the  flow  of  current  in  the  dynamo 
armature.  We  see,  then,  that  when  the  motor  and  dynamo 
are  running  synchronously  the  armature  circuits  may  be 
directly  connected  without  any  commutators ;  that  is,  we 
have  an  alternating  current  generator  driving  an  alternating 
current  synchronous  motor.  The  operation  of  a  synchronous 
motor  was  first  described  by  H.  Wilde  in  a  paper*  read 
before  the  Literary  and  Philosophical  Society  of  Man- 
chester, December  15,  1868.  The  inherent  regulation  which 
maintains  synchronism  was  referred  to  in  this  paper. 

The  significance  of    these  observations  was  not  felt  at 

*  "On  a  Property  of  the  Magneto-electric  Current  to  Control  and  Render 
Synchronous  the  Rotations  of  the  Armatures  of  a  Number  of  Electro-Magnetic 
Induction  Machines;"  Philosophical  Magazine^  January,  1869. 


^ 
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the  time,  and  some  years  later  Dr.  J.  Hopkinson,*  unaware 
of  the  earlier  work,  developed  the  analytical  theory  for  the 
operation  of  two  alternating  current  machines,  his  conclu- 
sions as  to  synchronous  control  agreeing  with  the  observa- 
tions of  Wilde. 

Although  any  alternating  current  generator  will  thus 
operate  as  a  synchronous  motor,  it  is  not  true  that  they  will 
all  thus  operate  equally  well.  The  old  smooth-bodied  arma- 
ture alternator,!  with  "pan-cake"  armature  coils,  made  a 
very  poor  synchronous  motor,  while  the  modern  alternator, 
with  *'  T-toothed "  armature,  fitted  with  machine-wound 
armature  coils,  has  been  found  to  give  excellent  results 
when  run  as  a  synchronous  motor.  This  improved  perform- 
ance of  the  alternator  as  a  synchronous  motor  is  due  to  the 
increased  self-induction  of  the  armature  and  to  the  useful 
effects  of  the  armature  current  on  its  own  field.  When 
the  current  developed  by  a  generator  is  in  unison  with 
the  generated  E.M.F.,  such  current  exerts  very  little  effect 
upon  the  field — neither  strengthening  nor  weakening  it. 
When  the  current  lags  behind  the  E.M.F.  of  the  gene- 
rator, the  armature  reaction  effect  that  it  produces  upon  the 
field  is  such  as  to  weaken  the  field,  and  thus  to  diminish  the 
E.M.F.  produced  by  the  generator.  The  reverse  of  this 
action  occurs  when  the  generator  furnishes  a  current  that 
is  in  advance  of  its  E.M.F.  This  is  shown  to  be  true  in  the 
experiments  which  follow  by  the  gradually  increasing  values 
of  generator  E.M.F.  (given  in  the  tabular  data  in  the  latter 
part  of  this  paper),  as  the  current,  which  at  first  lags  behind 
the  generator  E.M.F.,  is  brought  into  phase  with  it   and 

*"  On  the  Theory  of  Alternating  Currents,  Particularly  in  Reference  to 
Two  Alternate-Current  Machines  Connected  to  the  Same  Circuit;" /<^"^-  '^^^• 
Telegraph  Engineers,  vol.  xiii,  p.  496,  1884.  At  the  same  meeting  was  read 
and  discussed  a  paper  on  "The  Alternate-Current  Machine  as  a  Motor,"  by 
W.  G.  Adams.  Further  references  relating  to  the  development  of  the  syn- 
chronous motor  are  given  by  W.  M.  Mordey,  in  his  paper  on  "  Alternate-Cur- 
rent Working  ;"  Jour.  I?ist.  Elect.  Engifieers,  vol.  xviii,  p.  592,  1889.  See 
also,  "  Ivong-Distance  Transmission  for  Lighting  and  Power,"  by  C.  F.  Scott; 
Transactions  Am.  Inst.  0/ Elect.  Engineers,  vol.  ix,  June,  1892. 

t  We  here  closely  follow  the  first  paper  above  referred  to  :  Sibley  Journal, 
May,   1894. 
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finally  into  a  position  of  advance.  Precisely  the  same  arma- 
ture reactive  effects  on  the  field  occur  in  a  synchronous 
motor.  There  is  this  exception,  however,  that  the  motor 
E.M.F.  is  counter  to  that  of  the  generator,  so  that  what  is  a 
lagging-  current  for  the  generator  is  an  advance  current  for 
the  motor,  and  the  current  that  is  in  advance  of  the  gene- 
rator E.M.F.  lags  behind  the  counter  E.M.F.  generated  by 
the  motor.  The  current  that  strengthens  the  field  of  the 
generator  will  thus  weaken  the  field  of  the  motor,  and  vice 
versa,  as  will  be  explained  later. 

The  speed,  as  is  well  understood,  depends  only  on  the 
periodicity  produced  by  the  generator  and  the  number  of 
poles  of  the  motor.  Neither  variation  of  the  E.M.F.  im- 
pressed at  the  terminals  of  a  synchronous  motor,  nor  varia- 
tion of  its  field  excitation,  will  change  the  resulting  speed 
so  long  as  the  motor  operates  at  all.  The  armature  circuits 
of  the  motor,  generator  and  line  always  possess  some  self- 
induction.  When,  therefore,  the  generator  pressure  is 
hiofher  than  that  of  the  motor  at  the  moment  when  synchro- 
nism  is  obtained,  and  the  machines  are  connected,  a  current 
will  pass  between  the  machines  that  will  lag,  because  of  the 
self-induction,  behind  the  generator  E.M.F.,  and  will  be  in 
advance  of  that  of  the  motor  pressure.  This  current,  as 
was  just  pointed  out,  will  weaken  the  field  of  the  generator 
and  lower  the  E.M.F.  that  it  generates  ;  it  will  strengthen 
the  field  of  the  motor,  and  in  proportion  will  raise  its 
counter  E.M.F.  The  result,  therefore,  is  to  equalize  the 
developed  pressures  of  generator  and  motor,  and  thus  pre- 
vent a  further  increase  of  current.  Such  a  current  will 
have  a  larger  component  in  unison  with  the  generator  pres- 
sure than  with  that  of  the  motor,  depending  on  the  propor- 
tion of  the  electrical  energy  transformed  into  mechanical 
energy. 

The  diagram.  Fig.  /,  illustrates  the  action  of  a  synchronous 
motor  that  develops  a  motor  pressure  E' ,  equal  to  the 
generator  pressure  E.  In  this,  and  in  all  the  diagrams  fol- 
lowing, positive  rotation  is  counter-clockwise.  In  the  case 
of  Fig.  /,  the  circuits  are  assumed  to  have  no  self-induction, 
but  to  have  the  usual  resistance.     At  the  instant  that  svn- 
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chronism  is  obtained  and  the  connection  of  the  motor 
completed,  there  can  be  no  current  established  through 
the  motor,  and,  therefore,  no  power  developed.  The  motor 
will  lag  in  rotative  speed  at  once  to  some  such  position 
as  d,  where  the  resultant  of  the  motor  and  generator  pres- 
sures is  ac  or  E" .  Since  there  is  no  self-induction  in  the 
circuit,  the  resulting  current,  /,  is  in  unison  with  E".  Such 
a  current  has  component  values  in  unison  with  the  gen- 
erator and  motor  pressures  that  are  equal.  No  power  can, 
therefore,  be  developed,  and  the  motor  would  promptly 
come  to  a  standstill. 

The  conditions  represented  by  Eig.  2,  are,  that  the  gen- 
erator pressure  is  greater  than  the  motor  pressure,  and 
that  the  circuits  possess  resistance  but  no  self-induction. 
At  the  moment  that  the  motor  is  synchronized  and  con- 
nected, a  current  will  be  established  that  is  in  unison  with 
the  generator  pressure  and  opposite  to  that  developed  by 
the  motor.  The  developed  power  that  thus  results  is,  in 
general,  more  than  sufficient  to  keep  the  motor  running 
light  at  synchronism.  The  speed  position  of  the  armature 
is,  therefore,  advanced  to  a  point  d.  Here  is  obtained  a 
resultant  E.M.F.,  E^',  that,  since  there  is  no  self-induction, 
establishes  a  current  which  is  in  unison  with  the  resultant 
E.M.P.,  E'\  The  component  ae  along  E  is  here  greater  than 
the  component  af  in  the  direction  of  the  motor  E.M.F.,  E'. 
A  balance  occurs  at  that  point  where  the  power  developed 
is  just  sufficient  to  keep  up  the  synchronous  speed  of  the 
motor  armature,  and  no  further  acceleration  takes  place. 
On  loading  down  the  motor  its  armature  position  is  retarded. 
The  maximum  load  that  the  motor  will  stand  is  that  at 
which  the  product  of  the  motor  pressure  into  the  component 
of  the  current  that  is  in  unison  with  it,  is  a  maximum.  This 
the  diagram  plainly  indicates  to  be  at  the  point  of  true  syn- 
chronism. When  this  point  is  reached  an  increase  in  the 
load  will  further  retard  the  armature,  and  the  above  product 
will  again  diminish  ;  the  motor,  being  overloaded,  will  come 
quickly  to  rest. 

In  Fig.  J,  E  and  E'  are  equal,  the  armature  and  line  cir- 
cuits have  no  appreciable  resistance,  and  self-induction  is 
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present.  At  the  instant  of  synchronism  and  connection  .of 
the  motor  to  the  generator  circuit,  no  current  will  be  estab- 
lished through  the  motor,  because  the  generator  and  counter 
E.M.F.s  are  equal.  The  motor  armature  will  lag  to  a  point 
where  the  resultant  pressure  is  E" .  E"  will  establivSh  a  cur- 
rent /,  one- quarter  of  a  period  behind  itself.  Such  a  cur- 
rent will  have  a  large  component  that  is  negative  with 
respect  to  the  motor  pressure  and  in  unison  with  that  of  the 
generator.  An  early  point  is  reached  at  which  the  motor 
will  do  good  work.  Later  on  a  maximum  component  of  this 
current,  that  is  opposite  to  the  motor  pressure,  will  be  found, 
beyond  which  the  motor  will  lose  synchronism. 

In  Eig.  /J.,  the  generator  E.M.F.,  E,  is  greater  than  the  motor 
E.M.F.,  E' ,  The  circuits  possess  self-induction,  but  no  re- 
sistance. At  the  instant  that  the  motor  is  synchronized 
and  connected,  the  resultant  pressure,  E" ,  is  the  algebraic 
difference  between  E  and  E' .  Inasmuch  as  the  circuit  pos- 
sesses self-induction  with  no  resistance,  E"  will  establish  a 
current  through  the  motor  at  right  angles  to  itself  and  the 
motor  and  generator  pressures.  From  such  a  current  no 
power  can  result.  The  armature  will  lag  to  a  later  position, 
where  the  conditions  are  found  to  be  practically  the  same 
as  those  discussed  in  connection  with  Fig.  j. 

In  Fig.  5,  E  equals  E' ,  and  resistance  and  self-induction 
are  both  present  in  the  circuits.  Since  E  and  E'  are  equal, 
no  work  can  be  done  until  the  armature  lags  to  some  posi- 
tion, d,  where  the  resultant  E.M.F.  is  E". 

When  the  E.M.F.,  resistance,  self-induction,  and  period- 
icity of  a  circuit,  are  known,  the  impedance  is  known,  and 
the  current  becomes  known  from  the  relation 

^  ^        Resultant  E.M.F., 

Current  =: ' 

Impedance 

The  phase  position  of  the  current  is  determined  by  the  re- 
lation between  the  resistance  and  the  reactance  of  the  cir- 
cuit. The  projection  of  /  upon  E'  is  a  quantity  that  is 
proportional  to  the  developed  mechanical  power.  This  pro- 
jection, as  in  all  other  cases,  at  a  certain  position  attains  a 
maximum  beyond  which  the  motor  will  come  to  rest. 
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In  the  next  diagram,  Fig.  6,  E  is  greater  than  E\  and  self- 
induction  and  resistance  are  present.  In  general,  the  posi- 
tion of  the  armature  at  no  load  will  be  in  advance  of  the 
normal  position  of  synchronism,  the  position  of  advance 
being  limited,  as  in  the  similar  cases  cited  above,  and  which 
the  figure  fully  illustrates. 

In  practice,  the  relations  of  the  magnitudes  of  E  and  E' 
are  determined  by  the  field  excitation  and  the  currents  that 
are  established  through  the  motor.  Armatures  that  develop 
powerful  reactive  effects  upon  their  fields,  in  action  equalize 
the  motor  and  generator  pressures,  and  such  armatures 
must  necessarily  possess  considerable  self-induction.  These 
are  the  requirements  for  suitable  working,  as  indicated  by 
the  above  analysis. 

It  is  well  to  suggest,  also,  that  the  amount  of  the  mass 
of  the  revolving  parts  of  a  synchronous  motor  has  an  addi- 
tional effect  upon  the  stable  operating  conditions.  During 
every  complete  period,  there  are  two  short  intervals, 
throughout  which  the  motor,  in  general,  must  act  as  a  gen- 
erator and  give  back  a  small  amount  of  power  to  the  gener- 
ator. The  only  source  of  this  power  is  the  fly-wheel 
property  of  the  revolving  parts  of  the  motor.  Multiphase 
motors  are  independent  of  this  fly-wheel  effect,  because  at 
no  instant  does  the  motor  do  w^ork  on  the  generator,  while 
on  the  other  hand,  the  amount  of  mechanical  energy  devel- 
oped instant  after  instant  is  practically  uniform. 

THE   PHASE-INDICATOR. 

In  the  experimental  investigation  of  the  synchronous 
motor,  the  Bedell-Moler  phase-indicator^  was  employed  to 
determine  the  angular  difference  in  the  position  of  the 
armatures  of  the  motor  and  generator.  The  shafts  of  the 
motor  and  generator  were  placed  in  line,  abutting,  but  not 
quite  touching.  The  phase-indicator  consists  of  two  metal 
disks,  each  fastened  to  a  collar  made  to  slip  on  the  adjacent 
ends  of  the  two   armature  shafts,  and  held  in   position  by 

*  Loc.  cit. 
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set-screws.  These  disks  are  of  zinc,  one-thirty-second  of 
an  inch  thick,  nine  inches  in  diameter,  and  about  one- 
quarter  of  an  inch  apart.  In  the  disks  are  curved  slits, 
about  one-twentieth  of  an  inch  wide,  extending  from 
points  near  the  hub  almost  to  the  circumference.  In  this 
case — the  motor  and  generator  having  eight  poles — there 
were  four  slits  in  each  disk,  one  slit  corresponding  to  each 
pair  of  poles,  or  to  the  number  of  complete  periods  in  one 
revolution.  The  direction  of  curvature  of  the  slits  in  one 
disk  is  opposite  to  that  in  the  other,  so  that  the  slits  of  one 
cross  those  of  the  other ;  otherwise,  the  two  disks  are  in 
every  way  similar.  The  intersection  of  the  slits  forms  an 
opening  that  will  allow  a  beam  of  light  from  an  incandes- 
cent lamp,  placed  at  one  side,  to  pass  through.  Each  slit 
extends  over  a  complete -period,  from  its  inner  to  its  outer 
end ;  therefore,  one  of  the  armatures  must  move,  with  ref- 
erence to  the  other,  through  a  complete  period,  to  cause  a 
spot  of  light  to  travel  through  this  range.  Fig.  7  makes 
this  more  clear.  If  the  two  armatures  are  revolving  at  the 
same  speed,  or  synchronously,  the  intersections  of  the  slits 
remain  at  a  fixed  distance  from  the  center,  and  we  see,  in 
consequence,  a  ring  of  light.  If  one  revolves  faster  than 
the  other,  the  ring  of  light  moves  either  towards  the  center 
or  towards  the  circumference  of  the  disk.  These  slits  are 
so  constructed  that  the  distance  to  or  from  the  center,  trav- 
ersed by  the  intersections  of  the  two  sets  of  slits,  is  propor- 
tional to  the  change  in  the  relative  angular  positions  of  the 
two  armatures. 

The  curvature  of  the  slit  is  that  of  the  spiral  of  Archi- 
medes, and  was  constructed  as  follows :  Each  quadrant  was 
divided  into  eighteen  equal  sectors.  Nineteen  concentric 
circles  were  then  drawn  with  a  sharp  tool  on  the  face  of  the 
disk,  thus  dividing  the  portion  of  the  disk  lying  between 
the  extreme  limits  desired  for  the  slit,  into  eighteen  annuli, 
each  about  three-sixteenths  of  an  inch  wide.  The  slit 
represents  a  complete  period  of  360°  ;  therefore,  the  widths 
of  the  sectors  and  annuli  represent  20°.  The  points  of 
intersection  of  the  corresponding  radii  and  circles  give  the 
location  of  the  slits. 
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The  position  of  the  ring  of  light  indicates  the  relative 
positions  of  the  two  armatures.  This  position  was  observed 
in  a  mirror  set  at  an  angle  of  45°  with  the  plane  of  the 
disks,  and  arranged  with  a  scale  reading  in  degrees  cor- 
responding to  the  scratched  circles  on  the  disk.  An  observer 
could  thus  see,  in  the  mirror,  the  reflected  ring  of  light  and 
the  phase  position  which  it  indicated.  The  disks  were  set 
so  that  the  outer  ends  of  the  slits  were  adjacent  when  the 
two  armatures  stood  on  their  corresponding  neutral  points, 
the  positions  being  determined  by  the  ballistic  galvan. 
ometer  method  of  field  exploration.  With  the  armature 
on  the  neutral  point,  no  throw  of  the  needle  of  a  ballistic 
galvanometer  connected  to  the  brushes  is  obtained,  when 
the  field  current  is  reversed. 

In  operation,  the  ring  of  light  shown  by  the  phase-indi- 
cator would  vibrate,  more  or  less,  according  to  the  stability 
of  the  motor.  This  vibration  was  small,  when  the  motor 
was  operated  under  the  most  favorable  conditions ;  but 
with  unstable  conditions,  it  would  vibrate,  at  times,  as 
much  as  30°  on  each  side  of  the  mean,  before  the  motor 
would  go  out  of  synchronism. 

The  present  investigation  has  shown  the  phase-indicator 
to  be,  in  all  respects,  an  efficient  instrument. 

THE    GENERATOR    AND    MOTOR. 

Two  small  Westinghouse  alternators,  of  the  same  size 
and  shape,  designed  to  supply  ten  incandescent  lamps,  were 
used  as  generator  and  motor.  Before  being  thrown  into 
direct  connection  with  the  generator,  the  motor  was  brought 
to  speed  by  means  of  a  direct  current-starting  motor,  to 
which  it  was  belted.  A  half  horse-power  Edison  machine 
was  used  for  this  purpose.  When  synchronism  was  reached, 
the  direct  current  supplying  this  starting  motor  was  broken 
at  the  instant  that  the  alternate  current  motor  was  con- 
nected to  the  generator. 

The  magnetization  curve  for  the  alternate  current  motor 
was  found  to  be  practically  a  straight  line,  as  shown  by  the 
following  readings,  which  are  corrected  for  a  normal  speed  of 
2,080  revolutions  per  minute  : 
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Current  in  Motor  Field. 

E.M.F.  at  Brushes. 

Speed. 

I' 

9-9 

2,o3o 

I'S 

10-7 

a' 

22"7 

2-5 

28-7 

3* 

34'5 

3'S 

40*5 

4* 

464 

The  stability  of  a  synchronous  motor  depends  largely 
upon  the  field  excitation  and  the  amount  of  the  self-induc- 
tion in  the  armature  circuit.  With  no  added  self-induction 
in  the  armature  circuit  the  motor  in  the  present  case  was 
found  to  be  quite  unstable.  Curve  A,  Fig.  8,  shows  the 
relation  between  the  current  flowing  through  the  motor  and 
generator  armatures  and  the  exciting  current  of  the  motor 
field,  when  no  added  self-induction  was  in  the  armature  cir- 
cuit. The  motor  was  driving  the  small  Edison  machine  on 
open  circuit  as  a  light  load.  The  generator  field  excitation  was 
Icept  constant  at  3 "5  amperes  ;  the  speed  was  2,080  revolu- 
tions per  minute.  The  extreme  range  through  which  the 
motor  could  be  kept  in  synchronism  was  from  a  motor  field 
current  of  from  r5  to  3*3  amperes.  With  a  motor  field 
excitation  of  3  amperes,  the  armature  current  was  a  mini- 
mum. The  operation  under  these  conditions,  however, 
was  quite  unstable,  and  a  light  load  would  throw  the 
motor  out  of  synchronism,  and  thus  cause  it  to  stop. 

The  stability  was  increased  by  the  addition  of  self-induc- 
tion to  the  armature  circuit,  and  for  this  purpose  a  coil  with- 
out iron  was  employed.  Curves  B  and  B' ,  Fig.  9,  show  the 
relation  between  the  motor  excitation  and  armature  current, 
as  was  shown  by  curve  A,  for  the  preceding  case  without 
added  self-induction.  The  motor  ran  synchronously  with  a 
field  excitation  varying  from  '6  to  2*2  amperes,  and  from  3 
to  3'6  amperes,  but  would  not  run  with  an  exciting  current 
between  2*2  and  3  amperes.  With  the  weak  field  excitation, 
a  large  current  was  consumed  by  the  motor,  while  with  the 
strong  excitation  current,  a  much  smaller  current  was  taken 
by  the  motor.  This  may  be  attributed  to  the  phase  position 
which  the  current  takes  in  the  two  cases,  with  reference  to 
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the  phase  position  of  the  impressed  E.M.F.,  as  is  shown  by 
the  polar  diagrams  for  such  cases. 

It  was  found  that  by  gradually  increasing  the  self-induc- 
tion in  the  armature  circuit,  the  two  parts  of  the  curve  B 
and  IV  were  brought  together.  The  self-induction  was 
increased  by  inserting  in  the  coil  an  iron  core  consisting  of 
a  bundle  of  iron  wire.  At  a  certain  position  of  this  core  the 
self-induction  of  the  armature  circuit  was  such  that  the 
motor  consumed  a  much  smaller  current  than  at  any  time 
before,  ran  with  great  stability,  and  through  a  wide  range 
of  field  excitation,  as  shown  by  curve  C,  Fig.  10,  which  will 
be  discussed  later.  The  final  run  was  made  under  these 
conditions. 

The  coefficient  of  self-induction  of  the  motor  armature 
was  found  to  be  0*00032  henrys,  and  that  of  the  induction 
coil  with  the  iron  core,  o'ooi68  henrys.  The  total  self-induc- 
tion was,  therefore,  0'002  henrys.  The  total  ohmic  resistance 
of  the  armature  circuit  and  connections  measured  0*31 
ohms.  The  self-induction  of  the  armature  was  measured 
for  different  field  excitations  and  for  different  currents,  the 
mean  of  all  the  values  obtained  being  averaged  and  taken 
as  constant.  The  excitation  of  the  field  seemed  to  make  no 
appreciable  difference  in  the  coefficient  of  self-induction  of 
the  armature.  The  resistance  and  self-induction  of  the 
armature  circuit  vary  somewhat  with  the  value  of  the  cur- 
rent flowing,  on  account  of  temperature  changes  and  the 
saturation  of  the  iron,  but  the  error  introduced  by  consid- 
ering these  constant  is  small.  From  these  measurements 
the  reactance  and  impedance  were  determined. 

THE    METHOD    OF   EXPERIMENT. 

Throughout  the  following  investigation,  the  generator 
was  run  at  a  nearly  constant  speed  of  about  2,080  revolu- 
tions per  minute,  and  with  a  constant  field  excitation  of  3*5 
amperes.  The  motor  was  brought  up  to  speed  by  the  small 
Edison  starting  motor  mentioned  above,  and  thrown  into 
circuit  at  the  instant  when  its  phase  position,  as  indicated 
by  the  ring  of  light  of  the  phase-indicator,  remained  180° 
behind  that  of  the  generator.     The  small  Edison  machine 
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was  then  driven  on  open  circuit  as  a  light  load  for  the  alter- 
nate current  motor,  this  being  the  only  load  throughout  all 
the  experiments  here  described.  The  exciting  current  of  the 
motor  field  was  changed  by  increments  of  0*2  amperes  be- 
tween the  limits  i'8  and  6  amperes.  The  motor  and  gene, 
rator  field  currents  were  obtained  from  a  storage  battery, 
and  were  accordingly  quite  constant. 

The  quantities  required  were : 

The  impressed  E.M.F.  i^E)  of  the  generator; 

The  counter  E.M.F.  {E'^  of  the  motor; 

The  resultant  E.M.F.  {E"),  which  is  the  resultant  of  the 
impressed  and  counter  E.M.Fs; 

The  armature  current  {I"')\ 

The  angle  of  lag  (0)  of  the  current  behind  the  resultant 
E.M.F.  {^E")',  and 

^^//r  2-X4X  r.p.m. 

2  ~  X  frequency  =  co  ^=  -i ^ 

60 

The  above  quantities  are  required  in  order  to  construct 
the  graphical  diagrams  which  show  the  complete  action  of 
the  synchronous  motor. 

The  following  quantities  were  likewise  obtained : 

Generator  field  current  (I'). 

Motor  field  current  (I"). 

Disk  reading,  angle  0. 

The  currents  were  measured  directly  by  means  of  a  Sie- 
mens' dynamometer.  The  impressed  E.M.F.  [E)  of  the  gen- 
erator was  obtained  from  a  voltmeter  connected  to  the  gen- 
erator brushes.  The  counter  E.M.F.  of  the  motor  was  taken 
directly  from  the  magnetization  curve  for  the  motor  plotted 
according  to  the  table  given  above,  no  correction  being 
made  for  armature  reactions. 

The  electromotive  forces  E,  E'  and  E"  must  all  be  in 
equilibrium  when  the  motor  is  running.  The  motor,  when 
running  in  synchronism,  will  take  such  a  phase  position 
with  respect  to  the  generator  that  this  relation  is  obtained. 
The  resultant  E.M.F.  {E")  is  then  just  sufficient  to  overcome 
the  product  of  the  current  ij'")  and  the  impedance  of  the 
armature  circuit.     Therefore  : 

FJ'  ^=r"  X  impedance. 
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The  E.M.F.  is  thus  computed  :  The  angle  of  lag  of  the 
current  behind  the  resultant  E.M.F.  is 

,  .        reactance 

(/)  =  arc  tan. 

resistance 

The  resistance  and  self-induction  being  taken  as  constant, 
we  have,  therefore,  a  constant  value  for  the  angle  <p,  viz.: 
82*5°  (the  speed  varying  little  during  the  run,  and  o)  being 
taken,  therefore,  as  constant). 

The  phase  position  of  the  motor  with  respect  to  the 
generator  is  represented  exactly  by  the  phase  positions  of 
their  respective  E.M.F.s.  The  relative  phase  position  of 
these  E.M.F.s  was  determined  by  graphical  construction,  as 
in  Fig.  5.  The  generator  and  motor  E.]M.F.s  and  their 
resultant  being  known,  their  'position  is  determined  by  a 
construction  analagous  to  the  parallelogram  of  forces.  In 
Fig.  5,  ab  represents  the  direction  and  magnitude,  taken  in 
any  convenient  scale,  of  the  generator  E.M.F.;  ad,  the 
motor  E.M.F.,  as  taken  from  the  magnetization  curve  ;  ac, 
the  resultant  E.M.F.  The  magnitudes  of  the  E.M.F's.  being 
known,  their  relative  positions  are  thus  determined.  The 
angle  between  the  resultant  E.M.F.,  ac,  and  the  current, 
being  determined  as  described  above,  ag  may  be  drawn  to 
represent  the  current.  The  diagrams,  Nos.  1-22,  are  thus 
constructed  : 

The  angle  bad  measured  backward  (or  clockwise)  shows 
the  phase  position  of  the  motor  armature  with  respect  to 
the  generator  armature,  and  it  should  agree  substantially 
with  the  disk  reading  of  the  phase  indicator. 

The  energy  in  watts  delivered  by  the  generator  to  the 
circuit  is  equal  to  the  product  of  the  impressed  E.M.F.  {£) 
and  of  ae,  which  is  the  component  of  the  current  ag  in  line 
with  the  impressed  E.M.F. 

The  energy  in  watts  transformed  into  mechanical  power 
by  the  armature  is  equal  to  the  product  of  E'  and  of  af,  the 
component  of  the  current  ag  in  line  with  E'.  This  product 
must  be  negative  in  value,  showing  energy  consumed  and  not 
produced,  for  the  machine  to  run  as  a  motor.  The  mechanical 
power  developed  is  expended  in  driving  the  Edison  machine 
on  open  circuit,  and  in  journal  friction,  hysteresis  and 
Vol.  CXXXIX.     No.  831.  14 
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foucault  currents.  The  iron  lossevS  increase  as  the  field 
excitation  is  increased.  The  difference  between  the  watts 
delivered  and  the  watts  transformed  into  mechanical  power 
is  equal  to  the  RP  losses  of  the  armature  circuit.  Thus, 
from  the  fifth  observation  (see  Diagram  5),  we  have  : 

Watts  input  =  41  -5  X  3*85  =  160. 
Watts  mechanical  power  =  297  X  50    =  148. 

The  RI"^  losses  =160  —  148^    12  watts. 

In  the  accompanying  table,  the  observed  data  are  given 
to  the  left  of  the  double  line,  and  the  computed  results  to 
the  right.  No  measurements  were  made  with  a  motor  field 
current  above  six  amperes,  on  account  of  the  possibility  of 
springing  the  armature  shaft ;  it  is  to  be  supposed  that  the 
motor  would  run  synchronously  beyond  this  point. 

The  results  given  in  the  table  are  likewise  shown  in 
Fig.  10,  and  in  the  diagrams  Nos.  1-22.  In  Fig,  10,  curve  C 
shows  the  armature  current  for  different  field  excitation ; 
the  current  becomes  less  and  less  as  it  comes  into  phase 
with  the  impressed  electro-motive  force,  and  then  increases 
as  it  takes  a  position  in  advance  of  the  electro-motive  force. 
That  there  is  a  point  of  minimum  current  and  a  maximum 
power  factor  was  shown  by  Mr.  Mordey,  in  a  paper  read 
before  the  Institution  of  Electrical  Engineers,*  in  which  he 
gave  a  curve  for  the  armature  current  at  light  load,  such  as 
-curve  C,  Fig.  10.  He  further  showed  that  the  motor  E.M.F. 
•could  be  higher  than  the  generator  E.M.F. ,  as  is  clearly 
brought  out  by  the  present  paper.  This  point  was  predicted 
in  1884  by  Dr.  Hopkinson  in  his  paperf  before  the  Insti- 
tution of  Electrical  Engineers,  on  *'  The  Theory  of  Alter- 
nating Currents."  In  the  discussion,  Mr.  Kappij:  showed 
such  curves  for  several  loads,  showing  the  forms  these 
curves  would  take,  both  with  and  without  armature 
reactions.  His  curves  were  plotted  with  abscissae  represent, 
ing  the  counter  E.M.F.  of  the  motor.     The  counter  E.M.F- 

*"0n  Testing  and  Working  Alternators,  "/(Cwrwa/  of  the  Institution  0/ 
Electrical  Engineers,  Feb.  23,  1893  ;  see  also  London  Electrician^  Vol.  xxx, 

p.  545. 

t  Loc.  cit. 

X  Ivondon  Electrician,  Vol.  xxx,  p.  575. 
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of  the  motor  was  not  directly  proportional  to  the  exciting 
current,  for  his  curve  of  magnetization  was  not  a  straight 
line.  Mr.  Steinmetz'^'  has  determined  these  curves  analyti- 
cally, plotting  them  from  a  quartic  equation  showing  the 
relation  between  armature  current  and  motor  E.M.F.  He 
assumes  a  constant  reactance  and  the  absence  of  armature 
reactions.  His  theoretical  curve  for  no  load  (where  no  load 
means  the  absence  of  friction  and  of  all  energy  expenditure} 
meets  the  X-axis  at  a  sharp  point,  which  would  show  that 
when  the  motor  was  doing  absolutely  no  work,  the  armature 
current  would  actually  be  brought  to  zero,  for  a  particular 
value  of  the  field  current.  His  curve  for  light  load  corre- 
sponds approximately  with  curve  C,  It  is,  however,  con- 
structed for  a  constant  load,  whereas  the  load  in  the  present 
investigation  became  greater  as  the  hysteresis  losses 
increased  with  the  excitation. 

The  increase  in  the  generator  E.M.F.  on  account  of 
armature  reactions,  although  the  speed  and  excitation  were 
constant,  is  shown  in  curve  D,  Fig.  lo.  That  armature 
reactions  have  the  opposite  effect  in  the  motor,  as  men- 
tioned earlier  in  this  paper,  is  shown  by  curves  F  and  G, 
which  represent,  respectively,  the  E.M.F.  observed  at  the 
brushes  of  the  motor,  and  that  obtained  from  the  curve  of 
magnetization.  With  a  small  field  excitation,  the  armature 
current,  which  is  a  lagging  current  with  reference  to  the 
generator  E.M.F.,  is  one  of  advance  with  reference  to  the 
motor  E.M.F.;  and  the  armature  reactions  are,  therefore, 
such  that  the  E.M.F.  at  the  brushes  of  the  motor  is  greater 
than  that  obtained  from  the  curve  of  magnetization.  With 
a  larger  field  excitation  of  the  motor,  the  armature  current 
is  one  of  advance  with  reference  to  the  generator  E.M.F., 
and  a  lagging  current  with  reference  to  the  motor  E.M.F.,. 
which  causes  the  E.M.F.  at  the  brushes  of  the  motor  (curve 
F^  to  be  less  than  that  obtained  from  the  magnetization 
curve,  as  shown  In  curve  G.  The  rise  in  the  generator  E.M.F., 
due  to  armature  reactions,  corresponding  to  this  decrease  in 


■^"Theory   of  a  Synchronous  Motor,"    Transactions  of  the  Americait 
Institution  of  Electrical  Engineers,  Oct.  17,  1894. 
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motor  E.M.F.,  due  to  the  same  cause,  is  shown  in  curve  D,  as 
already  explained.  These  curves  have  not  been  corrected  for 
the  fall  of  potential  due  to  the  impedance  of  the  armature ; 
but  the  results  are  quite  striking  and  are  in  accordance  with 
the  explanation  given  in  the  early  part  of  this  paper,  to  the 
effect  that  the  armature  reactions  in  the  generator  and 
motor  assist  in  the  self-regulation  of  the  plant.  The 
gradual  change  in  armature  lag  is  shown  by  curve  K. 

Diagrams,  Nos.  1-22,  are  drawn  for  each  corresponding 
set  of  readings  given  in  the  table.  The  current,  represented 
by  the  heavy  arrow  /,  lags  behind  the  generator  E.M.F. 
when  the  field  excitation  of  the  motor  is  weak.  The  motor 
thus  produces  the  effect  of  self-induction  in  the  circuit. 

As  the  excitation  is  increased,  the  current  comes  more 
and  more  into  phase  with  the  E.M.F. ,  and  finally  comes  into 
phase  with  it.  The  armature  current  is  now  a  minimum. 
A  further  increase  in  the  field  excitation  advances  the 
armature  current  ahead  of  the  E.M.F.;  that  is,  the  motor 
now  acts  the  same  as  a  capacity,  or  condenser,  in  a  circuit, 
this  capacity-effect  increasing  as  the  field  excitation  in- 
creases. 

In  a  recent  paper^  on  '*  Some  Advantages  of  Alternate 
Currents,"  Prof.  S.  P.  Thompson  lays  particular  stress  on 
this  condenser  action  of  an  over-excited  synchronous  motor, 
and  emphasizes  the  fact  that  synchronous  motors  may  ad- 
vantageously be  operated  in  parallel  with  transformers,  to 
overcome  the  effects  of  self-induction.  We  have  experi- 
mented at  length  upon  the  action  of  condensers  in  parallel 
with  transformers,*  and  the  advantages  to  be  obtained  by 
this  system  of  operation.  Inasmuch  as  the  transformer 
tends  to  make  the  current  lag,  and  the  condenser  tends  to 
place  the  current  in  advance  of  the  E.M.F.,  it  is  possible  to 
obtain  such  a  balance  between  the  two  that  the  line  current 
will  be  in  phase  with  the  electro-motive  force.  Under  these 
circumstances  a  certain  amount  of    power  is  transmitted 


*  British  Association,  Oxford,  1894. 

*  See  Hedgehog  Transformer  and  Condensers,  Transactions  of  Institute  of 
Electrical  E?igineers,  Vol.  x,  p.  497. 
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with  a  minimum  current.  The  polar  diagramvS,  in  the  pres- 
ent paper,  show  conclusively  that  the  condenser  action  of 
over-excited  synchronous  motors  will  enable  them  to  be 
operated  in  the  same  way  as  were  the  condensers  in  the 
paper  referred  to. 

The  changes  in  the  magnitude  and  direction  of  the  arma- 
ture current,  as  the  field  excitation  changes,  are  clearly  seen 
in  Fig.  II.  The  current  for  the  first  observation  (compare 
Diagram  i)  for  the  weakest  field  excitation,  has  the  position 
/p  As  the  field  excitation  increases,  it  takes  successively 
the  positions  indicated  by  points,  coming  into  phase  with 
the  E.M.F.,  and  finally  in  advance  of  it,  as  shown  in  the  posi- 
tion I22,  corresponding  to  the  last  observation  (see  Diagram 
22).  The  heavy  arrow  I^  represents  the  current  for  one 
particular  observation.  The  locus  for  the  armature  current 
is  obtained  by  drawing  the  curve  through  the  successive 
points.  With  a  constant  E.M.F.  the  distance  of  any  point 
of  this  curve  above  the  horizontal  would  be  proportional  to 
the  power  given  the  motor.  With  a  constant  E.M.F.  and 
constant  power  supplied  to  the  motor,  the  curve  would 
be  a  horizontal  straight  line.  The  rise  in  the  curve  at  the 
left  is  due  to  the  increased  power,  necessary  in  this  case  as 
the  field  current  of  the  motor  is  increased.  The  irregularity 
in  the  curve  at  the  right  is  due  to  the  instability  of  opera- 
tion during  the  first  few  observations. 

In  constructing  the  polar  diagrams,  the  values  of  d,  the 
angle  of  lag  of  the  motor  armature,  as  obtained  by  the 
readings  of  the  phase-indicator,  were  not  employed.  From 
the  diagrams  constructed  as  described  above,  the  value  of 
the  armature  lag  was  obtained  as  given  in  the  column  headed 
*'  Computed  Angle  ^,"  which  is  seen  to  agree  closely  with 
the  armature  lag  as  shown  by  the  phase-indicator.  The 
accuracy  of  the  work  and  the  correctness  of  the  reasoning 
were  thus  completely  verified  by  the  phase-indicator  read- 
ings. 

The  polar  diagrams,  here  shown  for  the  first  time,  thus 
simply  show  the  complete  action  of  the  synchronous  motor. 

C0RNEI.1*  University,  December,  1894. 
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WATER  PURIFICATION.^ 


By  Rudolph  Hering. 


\^Concluded from  p,  J 44.'] 


We  now  come  finally  to  the  process  of  purification  by 
filtration^  which  is  more  effectual  than  any  of  those  hitherto 
mentioned  in  effecting  a  permanent  removal  of  the  impuri- 
ties. It  allows  the  water  to  pass  through  a  porous  material 
which,  first,  on  account  of  the  straining  action  of  its  pores, 
frees  it  from  suspended  particles  which  have  made  it  turbid. 
Then,  owing  partly  to  a  chemical  purification  and  partly  to 
the  action  of  living  bacteria,  the  dissolved  organic  matter  is 
transformed  into  nitrates  or  mineral  compounds.  This 
transformation  is  effected  by  reason  of  the  large  interstitial 
area  existing  in  the  many  pores  of  the  filtering  material. 

We  may  divide  the  processes  into  two  classes:  those 
where  the  filtration  is  rapid,  and  those  where  it  is  sloiv.  In 
the  former  case  we  obtain  merely  a  clarification  of  the  water, 
because  a  certain  time  and  special  conditions  are  neces- 
sary to  allow  of  a  complete  destruction  of  the  organic  mat- 
ter by  the  filter,  which  conditions  are  fulfilled. only  by  slow 
filtration. 

In  the  case  of  rapid  filtration,  the  pores  are  continually 
filled  with  water  flowing  through  them  under  more  or  less 
pressure.  When  the  pores  are  of  nearly  equal  size,  as 
for  instance  in  the  Pasteur  filter,  or  in  filters  made  of  certain 
other  artificially  prepared  materials,  there  obtains  a  nearly 
fixed  relation  between  the  amount  of  clear  water  produced 
and  the  pressure  exerted  upon  the  filter.  But  where  the 
pores  are  of  unequal  sizes,  an  increased  pressure  is  apt  to 
force  out  the  retained  substances  from  the  smaller  into  the 
larger  pores,  and  thus,  to  some  extent,  to  allow  them  ta 
escape  and  leave  the  water  in  a  less  clear  condition.  Filters  of 
natural  gravel,  where  the  pores  are  of  different  sizes,  have 

*  A  lecture  delivered  before  the  Franklin  Institute,  February  2,  1894. 
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been  known  to  run  quite  turbid  for  a  while  after  the  pres- 
sure upon  them  has  been  increased.  The  degree  of  clear- 
ness depends  upon  the  degree  of  fineness  of  the  pores,  and 
the  finer  the  pores  the  greater  will  be  the  pressure  necessary 
to  deliver  the  same  quantity  of  clear  water. 

We  have,  therefore,  a  fixed  relation  between  the  degree 
of  clearness  of  the  water,  the  fineness  of  the  material,  the 
pressure  of  the  water  when  passing  through  the  filter  and 
the  quantity  of  clear  water  delivered  by  it.  The  action  of 
rapid  filtration  is  almost  wholly  mechanical,  so  far  as  prac- 
tical purposes  are  concerned. 

The  first  action  of  a  filter  is  to  retain  the  coarse  particles 
of  suspended  matter  upon  the  surface.  Some  of  them  enter 
the  pores  for  a  short  distance  and  these  particles  themselves, 
when  lodged,  act  as  a  filtering  material  and  assist  in  strain 
ing  out  the  finer  particles.  The  most  effective  part  of  the 
filter  is,  therefore,  that  near  its  surface. 

The  accumulation  of  the  finer  particles  gradually  causes 
the  filter  to  become  obstructed  ;  and,  if  the  filter  is  to  remain 
efficient,  these  retained  particles  must  be  periodically 
removed.  The  depth  of  material  necessary  for  efficient 
filtering  depends  on  its  fineness  ;  the  finer  it  is,  the  shal- 
lower the  filter  may  be. 

The  pores-  of  a  filter  are  not  fine  enough  to  remove  the 
bacteria  by  straining.  In  all  systems  of  rapid  filtration 
they  are  retained  only  by  a  film  which  is  gradually  formed 
on  the  surface  of  the  filter,  either  by  the  accumulation  of 
organic  matter  or  by  a  coagulant  in  the  water.  As  it 
always  takes  some  time  for  this  film  to  form,  and  as  its 
continuity  can  readily  be  destroyed  at  any  time,  it  offers 
no  security  against  the  possible  reappearance  of  a  large 
proportion  of  the  bacteria  in  the  effluent  water. 

Regarding  the  materials  which  are  used  for  rapid  filtra- 
tion we  may  classify  them  as  being  fibrous,  granular  and 
porous. 

The  fibrous  material  used  for  filters  consists  of  felt, 
cloth,  straw,  cotton,  or  the  like.  The  use  of  sponges  is  also 
common.  Mineral  wool  made  of  fine  spun  glass  is  like- 
wise used. 
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The  granular  materials  are  such  as  sand,  gravel,  finely- 
broken  stone,  charcoal,  coke,  cinders,  and  some  artificial 
materials  for  which  special  advantages  are  claimed. 

Porous  material  may  be  unglazed  porcelain,  burnt  clay, 
certain  volcanic  minerals,  or  some  artificial  product.  But 
porous  stone  soon  becomes  clogged,  and  then  it  is  almost 
impossible  to  clean  it.  It  is  useful  only  when  its  pores  are 
very  fine,  so  that  the  matter  which  is  strained  out  is  kept  so 
near  the  surface  that  it  can  be  removed  by  washing. 

Some  filtering  materials  act  also  chemically  upon  the 
matter  which  is  dissolved  in  the  water ;  for  instance,  animal 
charcoal  will  absorb  gases,  such  as  oxygen,  nitrogen,  car- 
bonic acid  and  sulphuretted  hydrogen,  and  will  remove 
some  mineral  salts.  It  will  also  destroy  some  of  the  albu- 
minous compounds,  as  is  proven  by  the  fact  that  free 
ammonia  and  nitrates  are  found  in  the  effluent  water. 
Both  of  these  are  formed  by  decomposition  while  the  water 
is  passing  through  the  charcoal.  Charcoal  is  known  to  be 
more  effective  than  sand  in  removing  dissolved  substances, 
particularly  at  first,  and  also  in  removing  coloring  matters 
contained  in  the  water.  But  it  is  not  as  permanent  in  its 
operation,  and  its  efficiency  ceases  in  time. 

Experiments  made  with  fine  charcoal  and  coke  for  rapid 
filtration,  show  that  besides  acting  as  a  strainer,  and  besides 
having  a  very  slight  chemical  action,  they  have  removed,  for 
several  days  at  a  time,  over  ninety-five  per  cent,  of  the  bac- 
teria contained  in  the  water.  They  are  specially  well 
adapted  for  rapid  filtration,  because,  after  they  have  become 
charged  with  organic  matter,  they  can  be  dried  and  will 
have  lost  but  little  of  their  original  value  as  fuel. 

We  shall  now  describe  a  few  appliances  which  have  been 
used  for  the  rapid  filtration  of  water.  Among  filters  used 
in  the  household,  we  may  mention  the  Pasteur  filter  as  one 
of  the  best.  This  consists. of  tubes  made  of  unglazed  porce- 
lain, so  arranged  that  the  water,  introduced  into  a  com- 
partment where  these  tubes  are  erected,  filters  into  them, 
the  clear  water  being  drawn  out  from  the  bottom.  It  has 
been  found  that  this  material  is,  for  a  considerable  time, 
highly  efficient  in  keeping  out  all  living  organisms,  but  it 
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should  not  be  forgotten  that  the  tubes  need  frequent  clean- 
ing, as  a  slimy  coat  forms  on  the  outside  and  eventually 
impairs  the  effectiveness  of  the  filter.  Besides  cleaning 
them  periodically,  the  frequency  of  the  period  depending 
on  the  character  of  the  water  and  upon  the  quantity  used, 
they  should  occasionally  receive  a  boiling,  so  that  any 
bacteria  that  may  have  entered  the  material  may  be  de- 
stroyed. 

Other  efficient  forms  of  domestic  filters  use  charcoal  or 
coke  as  their  filtering  material.  Others  have  fine  sand  and 
some  have  finely  divided  iron.  The  difference  in  their  value 
depends  upon  the  proper  disposition  of  the  materials  and 
upon  the  facilities  for  cleaning  them.  All  such  house  filters 
very  soon  lose  their  efficiency  by  becoming  clogged.  To 
insure  a  fair  degree  of  healthfulness  of  the  water,  it  is 
almost  essential  to  have  them  cleaned  once  a  day,  even 
though  the  water  still  runs  clear.  This  may  be  necessary 
merely  with  regard  to  the  surface  layers,  the  entire  filter 
being  cleaned  at  longer  intervals.  There  are,  in  the  market, 
filters  so  arranged  that,  whenever  desired,  they  can  very 
easily  be  cleaned,  by  merely  reversing  the  current  of  water. 
This  drives  out  the  suspended  matter  which  has  been  col- 
lected, and  washes  the  material.  Such  filters,  while  gener- 
ally inore  expensive,  are  vastly  superior  to  those  which  do 
not  allow  of  such  frequent  washing. 

As  already  mentioned,  a  filter  is  improved  in  its  action 
by  adding  to  the  water  a  precipitant.  Attachments  can  be 
added  to  most  filters,  which  allow  a  certain  amount  of  alum, 
and,  perhaps,  other  precipitants  to  be  mixed  with  the 
water,  and  thus  cause  a  coagulation  of  the  organic  matter,, 
which  is  thereby  more  easily  retained  and  itself  assists  in 
retaining  also  large  quantities  of  microbes. 

Among  the  larger  filters  we  may  mention  those  furnished 
by  the  New  York  Filter  Company  and  others,  and  used 
extensively  in  our  own  country.  They  are  built  according 
to  various  patterns,  as  the  circumstances  may  require. 
These  filters  act  in  a  similar  manner  to  those  already  men- 
tioned. The  filtering  material  generally  consists  of  fine 
sand  or  coke. 
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The  apparatus  of  Andrew  llowatson  for  softening  very 
hard  water,  is  somewhat  extensively  used  in  England  and 
France.  The  softening  is  effected  by  a  continuous  addition 
of  lime  and  soda,  and  the  apparatus  requires  a  daily  cleans- 
ing. Howatson's  industrial  filters,  having  crushed  silex, 
charcoal  or  polarite  as  filtering  materials,  are  also  used. 

With  respect  to  all  of  these  rapid  filters,  we  may  say  that 
what  is  gained  in  rapidity  is  lost  in  efficiency.  It  is  true 
that  the  character  of  the  water  maybe  greatly  improved ;  in 
fact,  we  may  remove  all  the  suspended  matter,  if  the  pores 
of  the  material  are  fine  enough  ;  it  is  true  likewise  that  we 
may  cause  chemical  changes  which  will  improve  the  water, 
converting  some  of  the  objectionable  minerals  or  gases,  and 
some  of  the  organic  matter,  into  unobjectionable  compounds ; 
and  finally,  it  is  true  that  we  can  remove  a  very  high  per- 
centage and  occasionally  all  of  the  microbes  which  inhabit 
the  impure  water.  But  we  cannot  place  entire  confidence 
in  rapid  filtration  for  always  turning  out  pure  water. 

We  have  already  observed  that  rapid  filters  require  fre^ 
quent  attention  to  keep  them  clean.  If  this  attention  be 
omitted,  the  water  is  worse  than  in  its  original  state.  The 
accumulation  of  organic  matter  in  the  filter  and  the  equally 
great  accumulation  of  bacteria,  may  then  render  the  filter 
a  positive  danger  by  having  been  converted  into  a  disease- 
breeding  mass.  This  may  occur  after  a  few  days  of 
service. 

We  cannot,  therefore,  too  urgently  insist  upon  knowing 
the  composition  and  construction  of  filters  that  we  use,  and 
upon  giving  them  the  attention  which  is  absolutely  neces- 
sary to  guard  us  against  the  danger  which  can  otherwise 
arise  from  them.  No  rapid  filter  will  remain  safe  for  many 
days  without  cleaning,  and  if  much  water  is  drawn  from 
them,  they  must  be  cleaned  almost  daily  in  order  that  they 
may  continue  to  furnish  pure  water. 

We  now  come  to  the  last  division  of  my  subject,  viz.: 
that  of  slow  filtration,  by  which  we  understand  a  percolation 
of  water  through  the  filtering  material  without  completely 
filling  its  pores.  This  may  be  called  the  natural  filtra- 
tion of   water,  because  in  nature  this  same  process  trans- 
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forms  the  more  or  less  polluted  rain  and  surface  water  into 
a  pure  spring  or  ground  water.  It  accomplishes  the  purifi- 
cation not  only  by  removing  the  suspended  and  dissolved 
organic  matter,  which  serves  as  food  for  bacteria,  but  also 
by  removing  these  bacteria  themselves,  not  by  a  process  of 
straining,  as  sometimes  takes  place  in  rapid  filtration,  but, 
we  may  say,  by  a  process  of  starvation. 

In  the  earliest  attempts  at  purification  by  slow  filtration, 
the  effort  was  merely  to  clarify  the  liquid ;  there  was  no 
endeavor  to  remove  the  dissolved  and  invisible  suspended 
matter.  Later  it  was  found  necessary  to  pay  attention  to 
these  matters,  and  particularly  to  the  removal  of  particles 
of  an  organic  nature.  Pasteur  first  proved  that  fermenta- 
tion was  caused  not  by  decomposing  organic  matter,  but  by 
living  organisms,  and  that  living  organisms  were  also  the 
cause  of  many,  and  perhaps  all,  zymotic  diseases.  It  was 
then  discovered  that  filtration  removed  most  of  these  organ- 
isms or  bacteria.  It  is  now  known  that  a  perfect  filter  may, 
under  certain  conditions,  cause  a  complete  destruction  of 
the  organic  matter  in  the  presence  of  these  bacteria.  It  is 
not  known  in  just  what  manner  they  effect  this  destruction, 
but  that  they  do  so  in  some  way  is  proven  by  the  fact  that, 
when  we  destroy  the  bacteria  themselves  in  the  impure 
water,  this  passes  through  a  filter  merely  strained  and  not 
deprived  of  its  dissolved  organic  matter.  We  may  destroy 
the  bacteria,  for  instance,  by  mixing  with  the  water  some 
poison,  such  as  chloroform.  Again,  we  find  that  when  the 
temperature  is  reduced  to  the  freezing  point,  the  water 
issues  in  an  impure  state.  It  has  also  been  observed  that 
in  darkness  the  purification  is  not  so  efficient  as  in  the  light. 
All  of  this  shows  that  the  conditions  conducive  to  organic 
life  are  necessary  for  the  complete  purification  of  water. 

We  must,  therefore,  provide  conditions  which  will  enable 
the  bacteria  to  do  their  work  as  efficiently  as  possible. 
After  they  have  done  so  and  have  deprived  the  water  of  all 
of  their  food,  they  will,  of  course,  perish  from  starvation. 

One  of  the  important  conditions  for  the  life  of  the  bac- 
teria is  the  presence,  in  the  water,  of  a  certain  quantity  of 
oxygen,  to  be  used  in  the  conversion   of   the  organic  into 
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mineral  compounds.  It  is,  therefore,  necessary  to  replenish 
the  oxygen  by  aeration  until  the  purification  has  been  com- 
pleted. This  requirement  explains  the  fact  that  a  contin- 
uous filter  in  which  the  pores  are  completely  filled  with 
water,  eventually  prevents  the  bacteria  from  completing 
their  work.  A  supply  of  the  air  necessary  for  their  action 
can  be  furnished  only  by  what  is  termed  "  intermittent  " 
filtration. 

Many  filters  have,  however,  proven  effective  for  a  while 
without  this  intermittency,  this  effectiveness  being  due  to 
the  formation,  on  top  of  the  filter  bed,  of  a  film  or  skin, 
consisting  of  the  retained  organic  matter,  most  of  which  is, 
in  some  cases,  in  a  coagulated  state.  The  bacteria  are  then 
kept  out  by  a  straining  process  similar  to  that  which  we 
mentioned  as  taking  place  to  some  extent  by  the  precipita- 
tion method  of  removing  organic  matter  and  bacteria.  But 
in  time  this  layer  of  coagulated  matter  will  obstruct  the  filter 
completely,  and  it  requires  to  be  periodically  removed.  Expe- 
rience has  shown  that,  immediately  after  cleaning,  a  large 
number  of  bacteria  will  pass  through  into  the  effluent  water. 
After  a  while,  again  a  fresh  skin  forms  and  the  water  be- 
comes purer,  because  there  is  once  more  a  fine  strainer  to 
keep  the  objectionable  particles  from  passing  through.  A 
permanently  effective  filter,  therefore,  requires  intermit- 
tency, by  which  the  bacteria  are  destroyed  through  the  more 
or  less  complete  oxidation  of  the  organic  matter,  caused  by 
a  liberal  contact  with  air  in  the  interstices  of  the  material. 
In  certain  cases,  in  which  the  water  naturally  contains  a  suf- 
ficient quantity  of  oxygen,  continuous  filtration  produces 
excellent  results.  The  carbon  is  converted  into  carbonic 
acid  and  the  nitrogen  into  nitric  acid,  which  at  once  com- 
bines with  the  bases  contained  in  the  liquid  or  the  soil,  and 
forms  harmless  nitrates. 

English,  German  and  French  scientists  have  made  many 
investigations  on  this  subject,  and  have  reached  some  valu- 
able conclusions;  but  it  remained  for  the  Massachusetts 
State  Board  of  Health,  through  the  investigations  mainly  of 
Messrs.  Mills,  Sedgwick,  Drown,  Hazen  and  Fuller,  to 
investigate  the  subject  systematically  on  a  large  scale  and 
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to  formulate  its  principles  in  a  definite,  tangible  and  prac- 
tical manner.  The  results  of  the  Massachusetts  investiga- 
tion have  been  published  in  the  annual  reports  of  the 
State  Board  of  Health.  They  have  also  been  summarized 
in  several  papers  read  before  the  International  Engineering 
and  Public  Health  Congress  in  Chicago  last  summer,  by 
Messrs.  Hiram  F.  Mills  and  George  W.  Fuller."^ 

From  these  we  may  quote  as  follows :  "  The  circum- 
stances that  bring  most  clearly  to  mind  the  essential  condi- 
tions of  intermittent  filtration  are  these :  A  bed  of  gravel 
stones,  as  large  as  robin's  eggs,  having  an  abundance  of 
nitrifying  organisms  attached  to  each  stone,  has  sewage 
poured  over  it  for  a  short  time  ;  after  the  sewage  has  settled 
away,  every  stone  it  has  reached  is  covered  with  a  thin  film 
of  liquid  in  contact  with  air  and  enveloping  the  nitrifying 
organisms.  Then  nitrification  takes  place  rapidly  and  with 
great  completeness.  A  single  hour  will  make  a  marked 
change  in  the  character  of  the  adhering  liquid. 

"After  a  few  hours  another  charge  of  sewage  distributed 
over  the  filter  will  mingle  somewhat  with  the  former  adher- 
ing liquid  and  cause  it  to  move  downward.  If  this  charge 
is  too  abundant,  a  part  of  it  may  flow  too  rapidly  through 
the  large  interstices  between  the  stones  and  reach  the  outlet 
drains  without  being  completely  nitrified.  This  condition 
limits  the  amount  that  can  be  purified  by  coarse  materials. 
The  air  spaces  are  larger  than  necessary,  and  the  area  of 
surface  is  small.  By  decreasing  the  diameter  of  the  stones 
to  one-tenth  of  their  present  diameter,  we  may  still  have 
the  same  amount  of  air  and  water  space  and  ten  times  the 
surface  to  which  the  water  may  adhere.  In  this  case  the 
air  spaces  between  the  films,  though  very  much  smaller  than 
before,  are  sufficient  to  supply  the  oxygen  necessary  for 
nitrification  if  we  allow  sufficient  time  between  applications 
for  the  sand  to  become  drained.  It  is,  however,  evident 
that  if  we  continue  diminishing  the  diameter  of  the  grains 

***  Purification  of  Sewage  and  of  Water  by  Filtration."  By  Hiram  F,  Mills, 
A.M.,  C.E.;  "Removal  of  Pathogenic  Bacteria  by  Sand  Filtration."  By 
George  W.  Fuller. ;  Papers  prepared  for  the  International  Engineering  Con- 
gress of  the  Columbian  Exposition.     1893. 
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of  material,  we  shall  reach  a  condition  in  which  the  films  of 
water  adhering  to  the  grains  will  occupy  the  whole  space ; 
there  is  then  no  room  for  air,  and  nitrification  cannot  take 
place.  Sand  in  a  filter  bed,  that  remains  saturated  after 
draining  twenty-four  hours,  is  of  little  value,  and  may  be 
very  objectionable." 

Up  to  the  present  time  the  experiments  of  the  State 
Board  of  Health  indicate  that  the  sand  of  even  grain,  that 
presents  the  conditions  most  favorable  for  the  complete 
purification  of  sewage,  has  a  diameter  of  grain  of  about  0*2 
of  a  millimeter,  or  about  O'OoS  of  an  inch. 

The  quantity  of  sewage  that  maybe  permanently,  though 
intermittently,  applied  to  filters  of  such  sand,  is  about 
100,000  gallons  per  acre  daily. 

"  The  very  complete  purification  here  referred  to  pro- 
duces an  efiluent  chemically  as  good  as  many  drinking 
waters,  having  in  100,000  parts  about  0*0020  part  of  free 
ammonia,  and  about  0"0i30  part  of  albuminoid  ammonia, 
the  former  being  but  one-tenth  of  one  per  cent,  and  the 
latter  but  two  per  cent,  of  the  amount  in  the  sewage. 
Nearly  all  of  the  organic  matter  of  the  sewage  is  oxidized, 
forming,  in  the  efiiuent,  soluble  nitrates  to  the  extent  of 
about  I '8  parts  in  100,000.  Bacteriologically,  the  results 
are  even  more  remarkable,  there  remaining  in  the  efiiuent 
less  than  i  in  10,000  of  the  number  applied  in  the  sewage. 
The  appearance  of  the  efiiuent  is  that  of  a  bright,  clear 
spring  water." 

The  surface  of  the  filter  should,  in  the  intermissions  be- 
tween the  applications,  remain  uncovered  for  a  period  much 
longer  than  that  during  which  it  is  covered. 

Polluted  water  supplies  may  be  purified  in  a  similar 
manner.  As  they,  however,  contain  some  free  oxygen  dis- 
solved they  do  not  require  so  much  air  in  the  sand  as  does 
sewage.  Hence,  much  larger  quantities,  say,  ten  to  twenty 
times  as  much,  or  between  1,000,000  and  2,000,000  gallons 
daily  per  acre,  can  be  passed  through  the  filter. 

In  this  case,  the  accumulation  of  suspended  matter  is 
more  rapid,  and,  in  order  to  maintain  the  efficiency  of  the 
£lter,  the  deposits  should  be  removed  at  more  frequent  inter- 
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vals.  It  was  found  that  60,000,000  gallons  of  water,  passing- 
through  one  acre  of  the  sand,  as  mentioned  above,  required 
the  removal  of  one-eighth  of  an  inch  of  sand  and  sediment. 
Therefore,  when  filtering  2,000,000  gallons  daily,  about  one- 
eighth  of  an  inch  should  be  removed  every  thirty  days. 

**Most  of  the  tests  which  the  State  Board  of  Health 
relies  upon,  as  giving  the  efficiency  of  different  filters  in 
removing  disease  germs,  have  been  made  by  applying  to 
the  filters  water  containing  large  numbers  of  the  typhoid 
bacillus  or  of  the  more  easily  recognized  Bacillus  prodigiosus. 

"•  These  tests  show  that  the  best  sands  containing  large 
numbers  of  these  bacilli  may  have  from  1,500,000  to  3,000,- 
000  gallons  of  water  filtered  daily  per  acre,  with  the  con- 
stant removal  of  more  than  99^  per  cent,  of  their  number., 

"■  In  actual  practice  such  results  can  only  be  obtained  by 
constructing  the  filters  with  great  care,  so  that  the  sand 
forms  a  homogeneous  mass  without  stratification  or  chan- 
nels with  coarser  grains,  allowing  a  larger  quantity  of  water 
to  pass  through  the  interstices.  Mr.  Mills  has  recently  de- 
signed and  built  a  filter  at  Lawrence,  Mass.,  for  the  purifi- 
cation of  the  Merrimac  River  water  which  supplies  the  city, 
based  upon  the  results  obtained  by  the  investigations  of  the 
State  Board  of  Health.  It  is  the  first  filter  for  water  sup- 
plies that  has  been  built  in  this  country,  where  the  princi- 
ple of  intermittency  has  been  consistently  and  intelligently 
applied,  and  the  results  so  far  have  amply  rewarded  the 
care  taken  in  the  construction,  and  confirmed  the  results 
obtained  in  the  smaller  experimental  filters  of  the  State 
Board  of  Health.  It  covers  an  area  of  two  and  one-half 
acres  and  has  a  capacity  of  5,000,000  gallons  daily. 

*'  In  summing  up  our  present  knowledge  of  the  removal  of 
pathogenic  bacteria  from  drinking  water,  we  may  state  that 
in  addition  to  the  experience  of  certain  European  cities,  the 
Lawrence  investigations,  covering  more  than  five  years  and 
including  the  bacterial  examinations  of  more  than  11,000 
samples  of  water,  indicate  that  it  is  entirely  practicable  ta 
construct  filters  which  will  purify  water  economically,  and 
remove  more  than  ninety-nine  per  cent,  of  the  bacteria  in 
the  unfiltered  water." 


Mar..  1895.]  Science  in  the  Foundry.  225 

SCIENCE  IN  THE  FOUNDRY. 


A  Prospective  and  a  Retrospective    View. 


By  Ai,ex.  E.  Outerbridge,  Jr. 


In  a  paper  upon  progress  in  applied  science,  which  ap- 
peared in  February,  1882,  in  an  educational  magazine  called 
the  Penn  Monthly,  the  writer,  foreseeing  the  dawn  of  a  new 
era  in  metallurgical  science  as  applied  to  foundry  practice, 
said :  '*  The  chemistry  of  iron  is  being  more  carefully  studied. 
Manufacturers  are  beginning  to  realize  that  pig  iron  is  not 
a  simple  substance,  but  is,  in  reality,  an  alloy,  composed  of 
a  number  of  dissimilar  elements ;  that  its  physical  charac- 
teristics, such  as  strength,  elasticity,  etc.,  depend  upon  the 
percentages  of  these  constituents,  and  that  pure  iron,  like 
pure  gold,  is  always  the  same  thing  physically  and  chemi- 
cally, no  matter  from  what  source  it  may  be  obtained. 

'*  We  believe  that  the  time  is  coming  when  pig  iron  will  be 
sold  on  its  chemical  analysis,  instead  of  on  the  crude  meth- 
ods of  grading  at  present  in  vogue  ;  and  further,  that,  as  the 
naturalist  can  accurately  tell  the  genus  of  an  animal  from 
an  examination  of  a  single  bone,  so  the  analyst  will  tell  the 
physical  qualities  of  a  mass  of  iron  from  an  analysis  of  its 
component  parts." 

Events  have  proved  that  this  statement  was  at  least  par- 
tially prophetic. 

Not  many  years  ago,  a  chemist  in  a  foundry,  would  have 
been  generally  regarded  as  a  curiosity,  and  the  idea  of  con- 
trolling foundry  mixtures  by  chemical  analysis,  would  have 
been  considered  an  expensive  refinement. 

It  is  true  that,  in  a  few  special  cases,  scientific  methods 
had  been  tentatively  tried  years  ago,  for  instance,  in  the 
manufacture  of  chilled  cast-iron  car  wheels,  where  a  product 
of  peculiar  quality  and  uniform  character  was  absolutely 
requisite,  and  where  also  changed  conditions  of  business 
necessitated  new  methods. 
Vol.  CXXXIX.     No.  831.  15 
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The  *'  ideal  "  iron  for  car  wheels  is  a  metal  having  an  ex- 
tremely dark,  "  open-grained,"  or  coarse  fracture,  in  the  body 
or  ''plate"  of  the  wheel,  and  a  pure  white,  fine-grained  ada- 
mantine structure,  on  the  *'  tread,"  extending  to  a  depth  of 
about  half  an  inch  beneath  the  surface,  and  merging  grad- 
ually into  the  soft  gray  iron  backing. 

According  to  the  old  nomenclature,  such  metal  may  be 
said  to  have  a  gray  iron  fracture,  equivalent  to  ''  No.  IX," 
with  an  artificial  crystallization,  or  chilling  quality,  equal 
to  "No.  6,"  or  white  iron.  Formerly,  this  ideal  quality  of 
metal  for  car-wheels  was  actually  produced  in  this  country, 
and  there  is  no  doubt  that  this  essentially  American  indus- 
try was  indebted  to  that  fact  for  its  origin  contemporane. 
ously  with  the  birth  of  the  railway  system  half  a  century 
ago. 

The  gradual  dismantling  of  old-time  cold  blast  charcoal 
iron  furnaces,  and  the  increasing  difficulty  of  obtaining  pig 
iron  adapted  to  the  manufacture  of  chilled  wheels,  com- 
pelled the  makers  of  this  product  to  investigate  chemically 
the  elements  composing  such  metal,  with  the  view  of  ascer- 
taining definitely  the  cause  of  the  special  property  of 
"  chilling,"  which,  for  many  years,  was  peculiar  to  pig  iron 
made  with  charcoal  fuel  by  a  cold  blast,  and  could  not  be 
successfully  produced  by  any  other  method  of  manufacture. 
The  entering  wedge  in  this  study  was  introduced  about  the 
year  1879,  by  Dr.  Dudley,  chemist  to  the  Pennsylvania  Rail- 
road ;  and,  shortly  after  this,  the  writer  was  called  upon  to 
take  up  a  similar  work  for  a  large  establishment  in  Phila- 
delphia, engaged  since  1847,  i^  the  manufacture  of  chilled 
wheels. 

Dr.  Dudley  generously  imparted  the  facts  which  he  had 
gathered  in  the  midst  of  many  other  important  lines  of  in- 
vestigation, and  the  writer  took  up  these  threads  and  found 
interesting  occupation,  extending  over  a  period  of  several 
years,  in  weaving  them  together. 

Some  of  the  practical  results  of  this  investigation  were 
embodied  in  a  paper  entitled  the  ''  Genesis  of  a  Car  Wheel," 
read  before  the  Chemical  Section  of  the  Franklin  Institute, 
in  1883,  and  later,  in  the  more  popular  form  of  a  lecture  at 
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the  same  institution  in  1888,  on  "Pig  Iron:  Including  the 
Relation  between  its  Physical  Properties  and  its  Chemical 
Constituents."* 

It  is  admitted  that  chemical  investigation  has  not  only 
saved  the  car  wheel  industry  from  extinction,  but  also  that 
it  has  enabled  the  manufacturer  to  turn  out  product  to-day, 
which  is  subject  to  far  more  severe  scrutiny  before  passing 
into  service,  and  to  vastly  greater  shocks  and  strains  in 
ordinary  use  than  heretofore,  and  at  a  minimum  price.  In- 
deed, it  may  be  said  in  passing,  that  not  the  least  wonderful 
feature  of  this  special  business  is  the  price  at  which  chilled 
■cast-iron  car  wheels  of  good  quality  are  now  sold. 

Within  a  very  fe\v  years  the  subject  of  '*  Chemistry  in 
the  Foundry  "  has  run  riot  in  the  discussions  of  the  foundry- 
men's  associations  and  in  the  journals  devoted  to  iron  inter- 
•ests.  A  vast  amount  of  ''green  fruit"  has  been  put  upon 
the  market,  much  of  which  has  alreadv  withered  before 
ripening:  but  this  is  not  an  unusual  experience,  and  in 
taking  a  broad  view  of  the  subject,  one  can  observe  that 
.considerable  progress  has  been  made. 

Scientific  system  is  gradually  superseding  rule-of-thumb, 
or  empirical,  methods,  in  progressive  foundries,  and  much  of 
the  old-time  superstition,  born  of  ignorance,  is  being  eradi- 
cated. This  is  true,  not  only  in  regard  to  the  metallurgy  of 
pig  iron  for  castings,  but  also  in  regard  to  methods  of 
moulding  and  other  cognate  branches  of  the  founder's  art. 
The  influence  of  this  newly-awakened  interest  is  extending 
with  results  that  are  apparent  in  widely  divergent  directions. 
Pig  iron  is  no  longer  valued  solely  by  its  appearance  when 
fractured,  but  by  its  chemical  constitution.  The  manu- 
facturer of  machinery  is  enabled  to  obtain  castings  from 
such  foundries  which  are  more  certainly  adapted  to  the 
special  work  for  which  they  are  designed,  and  he  is  also 
enabled  to  guarantee  their  quality,  in  regard  to  strength, 
etc. 

The  technical  colleges  are  being  equipped  with  improved 
testing  machines  of  large  capacity  and  marvellous  accuracy, 

^Vide,  this  Journal,  [125,]  223. 
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and   the  number  of   students  devoting  themselves  to  the 
metallurgy  and  chemistry  of  pig  iron  is  increasing. 

From  these  observations  it  maybe  inferred  that,  although 
the  field  for  cast  iron  has  been  invaded  to  a  great  extent 
by  cast  steel,  the  producers  of  iron  castings  have  been 
spurred  on  to  improve  their  product,  and  thus  to  keep  in 
line  with  the  progress  of  the  age,  and  to  show  that  in  spite 
of  this  formidable  competition  the  field  is  still  open  for 
their  occupation. 

NOTES  AND  COMMENTS.-^ 


THE  SHIP  CANAL  THROUGH  THE  LAKES. 

The  daily  journals  contain  the  announcement  that  a  bill  has  been  intro- 
duced in  the  Senate  authorizing  the  President  to  appoint  three  persons  to 
confer  with  any  similar  committee  appointed  by  Great  Britain  or  Canada,  and 
to  report  as  to  the  feasibility  of  a  canal  for  ocean  vessels  between  the  Atlantic 
and  the  Lakes ;  where  it  can  most  conveniently  be  located  ;  the  probable 
cost,  with  estimates  in  detail ;  and,  if  any  part  of  the  canal  should  be  built  in 
Canada,  what  arrangements  are  necessary  to  preserve  it  for  use  to  the  people 
of  this  country.  All  the  necessary  facts  relating  to  the  construction  and  use 
of  such  deep-water  channel  are  also  to  be  reported  on,  and  it  is  proposed  to 
appropriate  $ro,ooo,  or  so  much  thereof  as  may  be  necessary,  for  actual  trav- 
elling and  other  necessary  expenses,  the  members  of  the  commission  to  serve 
without  pay. 

In  view  of  the  fact  referred  to  in  my  annual  report  to  the  Institute,  that 
the  Dominion  of  Canada  has  already  expended  the  enormous  sum  of 
$67,000,000  for  the  construction,  on  Canadian  territory,  of  a  continuous  chain 
of  waterways  connecting  the  Great  Lakes  with  the  Ocean,  and  navigable  by 
ocean-going  vessels,  it  is  exceedingly  improbable  that  either  Canada  or  the 
mother  country  would  wish  to  confer  upon  a  matter  that  is  already  practically 
U7i  fait  accompli ;  and  especially  since  the  manifest  purpose  of  this  Canadian 
enterprise,  as  I  had  occasion  to  point  out  in  my  previous  communication,  is 
to  render  the  Dominion  independent  of  the  United  States  in  the  possession 
of  this  important  avenue  to  the  Ocean. 


PRESENT  CONDITION  OF  NIAGARA  FALLS  POWER  PLANT. 

Prof.  George  Forbes,  in  a  recent  communication  to  the  London  Times, 
describes  the  present  condition  of  the  power  plant  at  Niagara  Falls  as 
follows :  "  Nearly  three  years  ago  you  published  a  letter  from  this  place  in 
which  I  gave  some  account  of  how  the  dreams  of  the  engineer  were  in  the 
act  of  being  realized,  and  without  injury  to  the  natural  beauties  of  the  spot. 
Three  years  have  passed,  my  work  is  ended,  and  it  seems  natural  to  contmue 

*  From  the  report  of  the  Secretary  to  the  stated  meeting  of  the  Institute,  held   February  20,  1895. 
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the  narrative  and  tell  what  these  three  years  have  brought  forth.  I  am 
perched  on  top  of  a  small  lliffel  tower,  lately  erected,  and,  casting  my  eyes 
up  the  river,  over  the  housetops  and  beyond  the  town,  I  see  a  new  world 
created.  There  is  a  wide  canal  leading  water  into  that  gigantic  power  house, 
where  three  turbines  are  set  up  to  drive  three  dynamos  of  5,000  horse-power 
each.  There  is  the  bridge  to  carry  cables  across  to  the  transformer  house- 
Inside  the  power  house  the  water  is  carried  down  by  pipes  7>^  feet  diameter  into 
the  turbines,  whence  it  passes  through  a  7,000  feet  tunnel  under  the  town, 
emerging  below  the  Falls,  and  capable  of  developing  100,000  horse-power. 
Far  as  the  eye  can  reach  extend  the  company's  lands,  with  here  and  there  a 
huge  factory  either  now  using  the  water-power,  or  waiting  for  the  electric 
supply.  One  of  them  uses  3,300  horse-power,  another  300,  a  third  one  1,500, 
and  that  unfinished  mill  requires  1,000.  You  can  see,  far  away,  the  model 
village  for  workingmen  and  improved  sewage  works  with  drainage,  pumps 
for  water  supply,  electric  light  and  well-paved  streets.  There,  again,  is  the 
dock,  where  ships  from  all  parts  of  the  Great  Lakes  can  unload,  and  there  a 
huge  expanse  of  reclaimed  land  ;  while  the  whole  is  swept  by  the  company's 
railway,  seven  miles  long,  connecting  every  factory  with  the  great  trunk 
lines.  The  power  is  transmitted  by  electricity,  and  the  first  work  is  to  pro- 
duce aluminum  with  1,500  horse-power.  New  types  of  machines  have  been 
devised  for  this  work,  as  also  for  every  other  purpose.  All  criticism  as  to 
cost  of  electric  works  has  been  swept  away  by  the  results  achieved,  and  the 
efficiency  of  each  type  of  machine  is  greater  than  has  been  attained  before. 
All  the  machinery  for  the  first  working  has  been  made  and  tested  in  the 
shops,  and  the  last  parts  are  now  being  set  up.  The  plans  for  carrying  the 
power  to  Buffalo,  eighteen  miles  distant,  are  complete.  In  a  month  or  two 
factories  will  be  in  full  operation  ;  in  a  year  Buffalo  will  be  supplied ;  in  two 
years  the  same  company  will  be  working  the  Canadian  side  of  the  Falls,  and 
in  ten  years  (shall  we  say  i^)  the  whole  of  the  100,000  horse-power  which  can 
be  supplied  by  the  existing  hydraulic  works  will  be  giving  power  to  smokeless 
manufacturing  towns.  The  period  of  planning  the  transmission  scheme,  of 
designing  the  greatest  dynamos  in  the  world,  and  of  construction  of  the  first 
plant  now  closes.  The  financial  period  commences  with  the  new  year.  The 
earning  of  dividends  and  the  ordering  of  duplicate  machinery  is  the  future 
work  of  the  company.  In  conclusion,  it  is  difficult  for  me  to  say  who  were 
the  boldest — the  capitalists  who  embarked  on  the  scheme  before  any  plans 
were  matured,  or  the  manufacturers  who  moved  their  factories  to  this  field 
before  a  single  result  had  been  achieved.  The  action  of  both  was  typically 
American,  but  their  confidence  was  not  misplaced.  Their  success  is  now 
assured." 

I  take  from  the  Electrical  Engineer  the  following  account  of  the  con- 
dition of  the  electrical  part  of  the  plant : 

The  turbines  built  by  the  I.  P.  Morris  Company  are  in  position  and  all  the 
galleries,  the  ladders,  the  elevators  and  the  electric  lights  have  been  placed 
in  the  wheel  pit. 

Men  are  now  at  work  putting  in  the  turbine  oiling  apparatus,  with  the 
tanks,  filters,  pipes  and  pumps.     A  novel  way  of  operating  the  force  pumps 
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which  take  the  oil  up  through  the  pipes  to  the  upper  tank  has  been  developed. 
All  the  water  which  leaks  into  the  wheel  pit  is  collected  by  a  ring  around  the 
pit  into  a  reservoir  about  a  third  of  the  way  down  the  pit.  and  is  used  to  run 
the  pumps.  A  pressure  of  ninety  pounds  to  the  inch  is  secured  by  this 
surplus  water. 

The  main-switch-board  room  in  the  power  house  is  also  well  under  way. 
It  is  to  be  constructed  of  white  enamelled  brick,  and  when  finished  will  be 
58  feet  long,  13  feet  wide  and  8  feet  high.  The  front  will  be  composed  of 
ten  heavy  plate-glass  windows,  while  the  top  of  the  inclosure  will  be  an 
observation  platform,  inclosed  in  a  brass  railing,  for  visitors.  This  room  will 
contain  some  of  the  heaviest  switches  thus  far  constructed,  and  will  be  one 
of  the  most  interesting  features  of  the  power  plant.  The  transformer  build- 
ing, which  stands  over  the  mouth  of  the  electric  subway,  is  also  well  up  to 
the  roof.  It  is  of  the  same  style  of  architecture  as  the  main  power  building, 
massively  constructed. 

The  alternating  current  dynamos,  built  by  the  Westinghouse  Company^ 
are  thus  described : 

To  a  circular  foundation  is  bolted  a  vertical  cast-iron  cylinder,  provided 
with  a  flange  on  which  the  stationary  armature  rests.  The  inner  part  of  the 
cylinder  is  bored  to  the  shape  of  an  inverted  cone,  and  serves  as  a  bearing 
for  another  conical  piece  of  cast  iron  supporting  the  shaft  bearings.  The 
armature  core  is  made  of  thin  oxidized  iron  plates,  held  together  by  eight 
nickel  steel  bolts.  In  the  outer  edge  of  the  plates  are  187  rectangular  holes 
to  receive  the  armature  winding. 

The  outer  rotating  field  magnet  consists  of  a  wrought-steel  ring,  to  which 
are  bolted  the  twelve  inwardly-projecting  massive  cast-iron  pole  pieces.  The 
ring  constituting  the  field  magnet  is  supported  by  a  six-armed  cast-steel  spider 
keyed  to  a  vertical  axis.  The  field  magnets  act  also  as  a  fly-wheel.  The 
shaft  rests  on  two  bearings  supported  by  four  arms  projecting  from  the  inner 
adjustable  cast-iron  cylinder.  The  bushings  of  the  bearings  are  made  of 
bronze  provided  with  zig-zag  grooves,  in  which  oil  constantly  circulates.  On 
the  outer  side  of  the  bushing  there  are  also  grooves  into  which  cold  water 
may  be  pumped  if  required. 

The  armature  conductors  are  rectangular  copper  bars  32  x  8  mm.  and 
each  of  the  187  holes  of  the  armature  contains  two  of  these  bars,  surrounded 
with  mica.  The  upper  and  under  sides  of  the  armature  are  connected  by- 
means  of  V-shaped  copper  bars,  riveted  to  the  ends  of  the  bars,  which  project 
out  behind  the  ends  of  the  armature.  The  connections  are  made  so  as  to 
give  two  independent  circuits,  a  pair  of  cables  connecting  each  circuit  with 
the  switch-board.  The  magnet  winding  is  also  composed  of  bent  copper 
bars,  air  insulated,  inclosed  in  brass  boxes,  two  of  which  are  fastened  to  each 
pole  piece.  Continuous  current  for  exciting  the  field  magnets  is  obtained 
from  a  rotary  tr^.nsformer. 

The  current  is  conducted  to  the  field  coils  by  means  of  a  pair  of  brushes 
ancl  two  copper  rings  fixed  to  the  top  of  the  shaft  of  the  generator.  At  a 
speed  of  250  revolutions  per  minute  the  machine  produces  two  alternating 
currents,  differing  in  phase  90°  from   each  other,  each   of  775    amperes  and 
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2,250  volts  pressure.    The  alternations  are  fifty  per  second.    The  hei^jht  from 
base  of  bed  plate  to  top  of  machine  is  nearly  13 'i  feet. 


A   SUBSTITUTE  WANTED    FOR  WOOD    IN   THE    CONSTRUCTION 

OF   WARSHIPS. 

A  board  of  experts,  of  which  Commissioner  Bradford  is  senior  member, 
was  lately  convened  by  direction  of  the  Secretary  of  the  Navy  to  consider  the 
subject  of  dispensing  with  wood  in  the  construction  of  the  naval  ships  now 
building,  and  also  for  the  purpose  of  finding  some  suitable  substitute  for  wood 
in  places  where  it  is  impracticable  to  use  metal.  Since  the  naval  action 
fought  off  the  mouth  of  the  Yalu  River,  between  the  Chinese  and  Japanese 
fleets,  during  which  several  ships  were  disabled  and  thrown  out  of  action  by 
serious  tires  on  board,  the  matter  has  received  much  attention  at  home  and 
abroad.  The  German  Admiralty  has  convened  a  board  to  find  a  suitable 
substitute  for  wood ;  in  the  meantime,  the  use  of  wood  on  other  ships  has 
ceased  altogether,  even  the  furniture  being  made  of  iron,  and  cork  being 
used  where  a  non-conductor  is  absolutely  necessary. 

The  English,  it  is  stated,  have  not  yet  come  to  any  decision  in  the  prem- 
ises, but  are  casting  about  for  some  substitute  for  wood.  The  French  have 
for  a  long  time  used  a  minimum  of  wood,  and,  in  all  foreign  ships,  less  wood 
has  probably  been  used  than  in  those  of  our  service. 

The  problem  is  not  an  easy  one,  W^hile  there  is  no  doubt  that  the  aboli- 
tion of  all  combustible  material  will  add  to  the  fighting  efficiency  of  ships  of 
war,  there  would  be  serious  risk  that  they  would  be  rendered  uninhabitable. 
Owing  to  the  good  conducting  properties  of  iron  and  steel  the  living  quarters, 
if  not  sheathed  with  some  non-conductor,  become  intensely  cold  in  winter 
and  very  hot  in  summer.  Where  heat  is  applied,  owing  to  the  difference  of 
temperature  on  the  opposite  sides  of  the  metal  plating,  much  condensation 
of  moisture  occurs.  These  conditions  are  active  agencies  in  the  causation 
of  rheumatism  and  pulmonary  diseases.  Clothing  kept  in  metal  drawers 
and  lockers  becomes  ruined  from  moisture,  and  the  drawers  must  be  lined 
with  something  in  the  nature  of  wood  or  thick  felt.  The  board  has  decided 
that  a  substitute  for  wood  should  have  the  following  properties  : 

It  should  be  light,  or  no  heavier  than  wood,  non-conducting,  non- 
combustible,  and,  when  struck  bv  shot,  should  not  tiy  into  splinters.  When 
used  for  bulkheads,  berths,  shelves,  lockers,  etc.,  it  should  be  strong  and 
capable  of  being  worked  into  shapes  with  tools.  For  linings  on  metal,  no 
great  strength  is  required.  Several  manufacturers  of  metal  goods  and 
furniture  have  offered  to  make  samples  for  the  board  to  pass  upon.  Chemists 
and  others  are  engaged  in  experiments  with  the  object  of  producing  an  arti- 
ficial wood.  Manufacturers  of  fire-proof  paints  and  liquids  have  given  some 
very  successful  exhibitions  of  their  wares  ;  but  surface  protection  of  wood, 
however,  is  insufficient  and  of  no  avail  when  the  wood  becomes  splintered  by 
a  hailstorm  of  small  projectiles.  Furthermore,  wood  has  the  very  objection- 
able property  of  splintering  from  the  eifect  of  shot  and  the  fact  is  well  known 
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that,  in  wooden  ships,  frequently,  as  many  persons  are  wounded  by  splinters 
as  by  shot. 

A  solution  of  the  problem  of  finding  a  substitute  for  wood,  seems,  in  the 
opinion  of  the  board,  to  lie  in  the  following  direction  : 

Take  something  in  the  nature  of  cheap  wood  or  vegetable  fibre  and  fine  saw- 
dust;  treat  them  chemically  with  some  insoluble  fire-proof  substance,  not  too 
heavy  ;  then  press  and  roll  into  boards,  more  or  less  dense,  according  to  the 
use  for  which  the  material  is  desired.  Such  a  material  will  be  non-inflam- 
mable all  through,  will  not  splinter,  will  not  be  heavy  and  will  be  a  non- 
conductor. Possibly  this  artificial  board  can  be  strengthened  by  enclosing 
within  it  a  tough,  fine,  wire  netting.  If  sawdust,  or  other  fine  cellulose 
material,  after  being  rendered  non-inflammable,  can,  by  mixing  with  other 
materials  not  too  heavy — or,  if  heavy,  in  small  quantities — be  applied  to 
metal  in  a  plastic  state,  so  as  to  harden  into  a  compact  mass  impervious 
to  water,  then  it  will  be  of  great  value.  In  other  words,  if  a  light,  non- 
conducting, non-inflammable,  insoluble  cement  can  be  discovered,  it  will  be 
of  great  use  in  ship  construction. 


THE  COMMERCIAL  SYNTHESIS  OF  ILLUMINATING  HYDRO- 
CARBONS. 

In  the  report  which  I  had  the  honor  to  present  at  the  December  meeting 
of  the  Institute,  I  made  reference  to  the  interesting  announcement  by  Mr. 
T.  L.  Willson,  of  a  cheap  and  practical  method  of  producing  calcium  carbide, 
by  heating  an  intimate  mixture  of  lime  and  carbon  in  the  electric  furnace, 
and  explained  the  method  of  producing  acetylene  from  this  compound  by 
bringing  it  in  contact  with  water.  An  abstract  was  published  in  the  Journal 
for  January,  1895.  of  a  paper  by  Dr.  Francis  Wyatt,  giving  details  of  the 
method  of  manufacture,  and  indicating  in  a  general  way  the  probable  future 
utility  of  this  observation. 

The  following  additional  contribution  to  the  subject,  which  is  abstracted 
from  a  paper  lately  read  before  the  London  Society  of  Arts,  by  Prof. 
Vivian  B.  Lewes,  throws  considerable  light  upon  it,  and  will  be  read  with 
interest : 

"  The  direct  combination  of  carbon  and  hydrogen  in  the  electric  arc  is  a 
true  case  of  synthesis,  and  if  we  could  form  acetylene  in  this  way  in  suffi- 
ciently large  quantities,  it  would  be  perfectly  easy  to  build  up  from  the 
acetylene  the  whole  of  the  other  hydrocarbons  which  can  be  used  for  illu- 
minating purposes.  For  instance,  if  acetylene  be  passed  through  a  tube 
heated  to  just  visible  redness,  it  is  rapidly  and  readily  converted  into  benzol ; 
at  a  higher  temperature,  naphthalene  is  produced ;  whilst,  by  the  action  of 
nascent  hydrogen  on  acetylene,  ethylene  and  ethane  can  be  built  up.  From 
the  benzol  we  readily  derive  aniline,  and  the  whole  of  that  magnificent  series 
of  coloring  matters  which  have  gladdened  the  heart  of  the  fair  portion  of  the 
community  during  the  past  five-and-twenty  years  ;  whilst  the  ethylene  pro- 
duced from  acetylene,  can  readily  be  converted  into  ethyl  alcohol,  by  con- 
secutively treating  it   with    sulphuric   acid  and    water.     From  the   alcohol, 
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again,  an  enormous  number  of  other  organic  substances  can  be  produced,  so 
that  acetylene  can,  without  exaggeration,  be  looked  upon  as  one  of  the  great 
keystones  of  the  organic  edifice,  and,  given  a  cheap  and  easy  method  of 
preparing  this  substance,  it  is  hardly  possible  to  foresee  the  results  which  will 
be  ultimately  produced. 

"  In  1836,  it  was  found  that  when  making  potassium,  by  distillation  from 
potassic  carbonate  and  carbon,  small  quantities  of  a  by-product,  consisting  of 
a  compound  of  potassium  and  carbon,  was  produced,  and  that  this  was 
decomposed  by  water  with  liberation  of  acetylene  ;  whilst  VVohler,  by  fusing 
an  alloy  of  zinc  and  calcium  with  carbon,  made  calcic  carbide,  and  used  it 
as  a  source  from  which  to  obtain  acetylene  by  the  action  of  water. 

"Nothing  more  was  done  until  1892,  when  Macquenne  prepared  barium 
carbide,  by  heating,  at  a  high  temperature,  a  mixture  of  barium  carbonate, 
powdered  magnesium,  and  charcoal,  the  resulting  mass  evolving  acetylene, 
when  treated  with  water  ;  whilst,  still  later,  Travers  made  calcic  carbide,  by 
heating  together  calcic  chloride,  carbon  and  sodium.  None  of  these  pro- 
cesses, however,  gave  any  commercial  promise,  as  the  costly  nature  of  the 
potassium,  sodium,  magnesium,  or  calcium-zinc  alloy  which  had  to  be  used, 
made  the  acetylene  produced  from  the  carbide  too  expensive. 

"Whilst  working  with  an  electric  furnace,  and  endeavoring  by  its  aid  to 
form  an  alloy  of  calcium  from  some  of  its  compounds,  Mr.  T.  L.  VVillson  no- 
ticed that  a  mixture,  containing  lime  and  powdered  anthracite,  under  the  influ- 
ence of  the  temperature  of  the  arc,  fused  down  to  a  heavy  semi-metallic  mass, 
which  having  been  examined,  and  found  not  to  be  the  substance  sought,  was 
thrown  into  a  bucket  containing  water,  with  the  result  that  violent  efferves- 
cence of  the  water  marked  the  rapid  evolution  of  a  gas,  the  overwhelming 
odor  of  which  enforced  attention  to  its  presence,  and  which,  on  the  applica- 
tion of  a  light,  burnt  with  a  smoky,  but  luminous  flame. 

"  Investigation  into  the  cause  of  this  phenomenon  soon  showed  that  in  a 
properly  constructed  electric  furnace,  finely  powdered  chalk  or  lime,  mixed 
with  powdered  carbon  in  any  form,  whether  it  were  charcoal,  anthracite, 
coke,  coal  or  graphite,  can  he  fused  with  the  formation  of  a  compound 
known  as  calcic  carbide,  containing  40  parts  by  weight  of  the  element  cal- 
cium, the  basis  of  lime,  and  24  parts  by  weight  of  carbon,  and  that,  on  the 
addition  to  this  of  water,  a  double  decomposition  takes  place,  the  oxygen  of 
the  water  combining  with  the  calcium  of  the  calcic  carbide  to  form  calcic 
oxide  or  lime,  whilst  the  hydrogen  unites  with  the  carbon  of  the  calcic  car- 
bide to  form  acetylene,  the  cost  of  the  gas  so  produced  bringing  it  not  only 
within  the  range  of  commercial  possibilities  for  msq.  per  se,  but  also  the  build- 
ing up  from  it  of  a  host  of  other  compounds,  whilst  the  production  of  the 
calcic  carbide  from  chalk  and  from  any  form  of  carbon,  renders  us  practically 
independent  of  coal  and  oil,  and  places  in  our  hands  the  prime  factor  by 
which  nature  in  all  probability  produces  those  great  underground  storehouses 
of  liquid  fuel  upon  which  the  world  is  so  largely  drawing  to-day. 

"  Calcic  carbide  is  a  dark  gray  substance,  having  a  specific  gravity  of  2'262, 
and,  when  pure,  a  pound  of  it  v.-ill  yield  on  decomposition  5"3  cubic  feet  of 
acetylene.     Unless,  however,  it  is  quite  fresh,  or  means  have  been  taken  to 
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carefully  protect  it  from  air,  the  outer  surface  gets  slightly  acted  upon  by 
atmospheric  moisture,  so  that  in  practice  the  yield  would  not  exceed  5  cubic  feet. 
The  density  and  hardness  of  the  mass,  however,  to  a  great  extent  protect  it 
from  atmospheric  action,  so  that  in  lumps  it  does  not  deteriorate  as  fast  as 
would  be  expected,  but  in  the  powdered  condition  it  is  rapidly  acted  upon. 

"  The  acetylene  made  from  it,  when  analyzed  by  absorption  with  bromine» 
the  analysis  being  also  checked  by  determining  the  amount  present  by  pre- 
cipitation of  silver  acetylide,  gives  98  per  cent,  of  acetylene  and  2  per  cent, 
of  air,  and  traces  of  sulphuretted  hydrogen  ;  the  presence  of  this  impurity 
being  due  to  traces  of  sulphate  of  lime— gypsum — in  the  chalk  used  for 
making  it,  and  to  pyrites  in  the  coal  employed. 

"  Acetylene  is  a  clear,  colorless  gas  with  an  intensely  penetrating  odor 
which  somewhat  resembles  garlic,  its  strong  smell  being  a  very  great  safe- 
guard in  its  use,  as  the  smallest  leakage  would  be  at  once  detected ;  indeed, 
so  pungent  is  this  odor,  that  it  would  be  impossible,  without  recognizing  the 
fact,  to  go  into  a  room  which  contained  any  dangerous  quantity  of  the  gas. 

"  This  is  an  important  point  to  remember,  as  the  researches  of  Bistrow 
and  Liebreich  show  that  the  gas  is  poisonous,  combining  with  the  haemoglobin 
of  the  blood  to  form  a  compound  similar  to  that  produced  by  carbon  mon- 
oxide ;  whilst  the  great  danger  of  the  latter  gas  is,  that,  having  no  smell,  its 
pfresence  is  not  detected  until  symptoms  of  poisoning  begin  to  show  them- 
selves. With  acetylene  no  fear  need  be  apprehended  of  danger  from  this 
cause. 

"  Acetylene  is  soluble  in  water  and  in  most  other  liquids,  and,  at  ordinary- 
temperature  and  pressure — 60°  F.  and  30^^  of  mercury — 10  volumes  of  water 
will  absorb  11  volumes  of  the  gas  ;  but,  as  soon  as  the  gas  is  dissolved,  the 
water  being  saturated  takes  up  no  more.  Water  already  saturated  with  coal 
gas  does  not  take  up  acetylene  quite  so  readily,  whilst  the  gas  is  practically 
insoluble  in  saturated  brine — 100  volumes  of  a  saturated  salt  solution  dis- 
solving only  5  volumes  of  the  gas.  The  gas  is  far  more  soluble  in  alcohol, 
which,  at  normal  temperature  and  pressure,  takes  up  six  times  its  own  volume 
of  the  acetylene;  whilst  10  volumes  of  paraffin,  under  the  same  conditions,, 
will  absorb  26  volumes  of  the  gas.     It  is  a  heavy  gas,  having  a  specific  gravity 

of  O'QI. 

"When  a  light  is  applied  to  acetylene,  it  burns  with  a  luminous  and 
intensely  smoky  flame,  and,  when  a  mixture  of  one  volume  of  acetylene  with 
one  volume  of  air  is  ignited,  in  a  cylinder,  a  dull  red  flame  runs  down  the 
cylinder,  leaving  behind  a  mass  of  soot,  and  throwing  out  a  dense  black, 
smoke.  When  acetylene  is  mixed  with  1*25  times  its  own  volume  of  air,  the 
mixture  begins  to  be  slightly  explosive,  the  explosive  violence  increasing 
until  it  reaches  a  maximum  with  about  twelve  times  its  volume  of  air,  and 
gradually  decreasing  in  violence,  until,  with  a  mixture  of  one  volume  of 
acetylene  to  twenty  of  air,  it  ceases  to  be  explosive. 

"  The  gas  can  be  condensed  to  a  liquid  by  pressure.  Andsell  found  that 
it  liquefied  at  a  pressure  of  21*5  atmospheres,  at  a  temperature  of  0°  C; 
whilst  CaiUetet  found  that,  at  1°  C,  it  required  a  pressure  of  48  atmospheres; 
the  first-named  pressure  being  probably  about  the  correct  one.     The   liquid 
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so  produced  is  mobile,  and  highly  refractive,  and,  when  sprayed  into  air,  the 
conversion  of  the  hquid  into  the  gaseous  condition  absorbs  so  much  heat  that 
some  of  the  escaping  liquid  is  converted  into  a  snow-like  solid,  which  catches 
fire  on  applying  a  light  to  it,  and  burns  until  the  solid  is  all  converted  into 
gas  and  is  consumed. 

"  In  my  researches  upon  the  luminosity  of  flame,  I  hii\  e  shown  that  all 
the  hydrocarbons  present  in  coal  gas  and  other  luminous  flames,  are  con- 
verted, by  the  baking  action  taking  place  in  the  inner  non-luminous  zone  of 
the  flame,  into  acetylene,  before  any  luminosity  is  produced,  and  that  it  is  the 
acetylene,  which,  by  its  rapid  decomposition  at  1,200°  C,  provides  the  luminous 
flame  with  these  carbon  particles,  which,  being  heated  to  incandescence  by 
various  causes,  endow  the  flame  with  the  power  of  emitting  light.  The 
acetylene,  being  in  this  way  proved  to  be  the  cause  of  luminosity,  one  would 
expect  that  in  this  gas  we  have  the  most  powerful  of  the  gaseous  hydrocarbon 
illuminants,  and  experiment  at  once  shows  that  this  is  the  case. 

"  Owing  to  its  intense  richness,  it  can  only  be  consumed  in  small  flat-flame 
burners,  but  under  these  conditions  emits  a  light  greater  than  that  given  by 
any  other  known  gas,  its  illuminating  value  calculated  to  a  consumption  of  5 
cubic  feet  an  hour  being  no  less  than  240  candles. 

Illuminating  Power  of  Hydrocarbons  for  a  Consumption  of  5  Cubic  Feet  of  Gas. 

Candles. 

Methane 5'2 

Ethane %    .      35' 7 

Propane S^'? 

Ethylene 700 

Butylene i23'o 

Acetylene 2400 

"  It  is  stated  that  the  carbide  can  be  made  at  about  ^4  a  ton  ;  and  if  this 
be  so,  it  should  have  a  great  future,  as  a  ton  will  yield  1 1,000  cubic  feet  of  the 
gas.  The  lime  left  as  a  by-prOduct  would  be  worth  lo^.  a  ton,,  and  the  gas 
would  cost  at  this  rate  ds.  dfYzd.  per  1,000  cubic  feet,  and,  in  illuminating  value, 
would  be  equal  to  London  coal  gas  at  6d.  a  thousand.  Its  easy  production 
would  make  it  available  for  illuminating  purposes  in  country  houses,  whilst 
its  high  illuminating  value  should  make  it  useful  for  enriching  poor  coal 
gas." 


A  NEW  ELEMENT  IN  THE  NITROGEN  GROUP. 

Mr.  A.  E.  Tuttle  communicates  to  London  Nature,  the  following  concise 
abstract  of  an  important  communication  made  by  Dr.  Beyer  to  the  Socicte 
Chiinique,  describing  a  new  element  which  he  has  discovered  in  the  residual 
liquors  derived  from  the  older  process  for  the  extraction  of  aluminum  from 
red  beauxite.  The  liquors  in  question  consist  chiefly  of  sulphate  and  carbonate 
of  sodium;  but  there  are  also  present  considerable  quantities  of  chromic  and 
vanadic  acids  ;  and  smaller  quantities  of  molybdic,  silicic,  arsenic,  phosphoric, 
and  tungstic  acids;  together  with  alumina,  magnesia  and  lime,  and  an  acid 
of  the  new  element.  In  order  to  isolate  the  latter,  the  vanadium  and  chro- 
mium are  first  removed,  the  former  as  the  difficultly-soluble  ammonium  van- 
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adate,  and  the  latter  as  hydrated  sesquioxide.  The  filtered  liquid  is  then 
saturated  with  sulphuretted  hydrogen,  and  the  sulphides,  all  of  which  are 
soluble  in  the  alkaline  liquid,  are  precipitated  by  hydrochloric  acid.  This 
precipitate  exhibits  a  deep  brown  color,  due  to  the  new  element.  When  dried, 
it  presents  a  brown,  earthy  appearance,  and  burns  readily  with  evolution  of 
sulphur  dioxide  and  formation  of  a  bright  brown  powder.  Concentrated 
nitric  acid  instantly  causes  ignition,  and  formation  of  a  deep  brown  solution, 
from  which  a  small  quantity  of  a  yellow  precipitate  of  a  compound  of  molyb- 
dic  and  arsenic  acids  is  deposited.  The  brown  liquid  contains  no  tin,  antimony 
or  tellurium,  but  still  retains  traces  of  vanadium,  molybdenum  and  selenium 
These  elements  are  best  removed  by  calcination  of  the  sulphides  immediately 
after  their  precipitation  with  hydrochloric  acid  ;  when  selenium  is  volatilized, 
treatment  of  the  residue  with  ammonia  and  ammonium  nitrate,  which  pre- 
cipitate the  last  traces  of  vanadium  as  ammonium  vanadate  ;  and  concentra- 
tion of  the  filtered  liquid,  which  causes  deposition  of  ammonium  molybdate. 
During  the  concentration  two  distinct  crops  of  different  crystals  are  obtained, 
the  first,  and  most  sparingly  soluble,  being  cubic  crystals  of  an  olive-brown 
color  ;  and  the  second,  the  much  more  soluble  ammonium  molybdate.  The 
olive-brown  cubic  crystals  contain  the  new  element,  together  with  a  little 
molybdenum.  The  latter  is  readily  removed  by  dissolving  the  crystals  in 
dilute  hydrochloric  acid,  and  passing  a  current  of  sulphuretted  hydrogen 
through  the  liquid  heated  to  about  70°.  The  new  element  is  not  precipitated 
by  sulphuretted  hydrogen,  in  an  acid  solution.  The  filtered  liquid  is  then 
allowed  to  evaporate  in  the  air.  At  first  it  is  bluish-violet  in  color,  and  con- 
tains the  new  element  in  a  low  state  of  oxidation  ;  subsequently  it  becomes 
oxidized,  and  the  color  changes  to  lemon-yellow.  The  oxide  in  the  latter 
stage  possesses  marked  acid  proclivities,  and  probably  corresponds  to  the 
formula  R2O5.  The  acid  itself  is  soluble  in  water,  from  which  it  is  deposited 
in  yellow  crystals,  which,  at  a  red  heat,  fuse  to  a  brownish  yellow  mass. 
Ammonia  transforms  the  acid  into  a  crystalline  powder  of  olive  color,  pre- 
sumably an  ammonium  salt,  which  readily  dissolves  in  hot  water  and  on 
cooling  crystallizes  from  the  solution  in  cubes.  The  solution  is  olive-green, 
and  is  precipitated  by  strong  ammonia.  The  solution  of  the  acid,  after 
reduction  with  sulphuretted  hydrogen  in  presence  of  hydrochloric  acid,  yields 
with  ammonia,  a  voluminous  deep  violet-brown  precipitate,  which  rapidly 
becomes  crystalline.  The  precipitation  is  not  complete,  hence  the  superna- 
tant liquid  is  colored  violet.  Caustic  soda  and  sodium  carbonate,  likewise, 
incompletely  precipitate  it,  owing  to  solubility  of  the  precipitate  in  excess  of 
the  reagent  with  formation  of  a  soluble  salt.  Chlorides  of  barium  and  cal- 
cium produce  grayish-violet  precipitates  of  the  salts  of  those  metals. 

An  especially  interesting  reaction  is  that  with  ammonium  sulphide,  with 
which,  the  highly  oxidized  yellow  solution  of  the  acid,  yields  a  deep  cherry- 
red  coloration,  due  to  a  sulpho-salt.  Acids  precipitate  from  this  solution  a 
sulphide  of  the  color  of  iron  rust.  Silver  nitrate  produces  a  green  precipitate 
of  the  silver  salt,  soluble  both  in  nitric  acid  and  in  ammonia,  and  if  the  solu- 
tion in  the  latter  solvent  is  effected  at  a  moderately  elevated  temperature  the, 
silver  salt  is  deposited  in  crystals  upon  cooling.     Magnesia  mixture  gives. 


Mar.,  1895.]  Notes  afui  Comments.  237 

after  standinc^  a  few  minutes,  a  <;reen  precipitate  analogous  to  ammonium- 
magnesium  phosphate,  and,  owing  to  the  slowness  of  the  precipitation,  ihe 
latter  occurs  in  the  form  of  relatively  large  crystals  ;  moreover,  the  precipi- 
tation is  complete  after  a  short  time,  for  the  liquid,  which  at  first  is  green,  be- 
comes colorless.  A  yellow  precipitate  is  likewise  afforded  with  a  nitric  acid 
solution  of  ammonium  molybdate,  as  in  the  case  of  phosphoric  acid.  The 
chlorides  of  the  new  element  appear  to  be  volatile,  for  very  considerable 
loss  occurs  on  attempting  to  remove  by  ignition  any  admixed  ammonium 
salts,  for  instance,  from  the  solution  obtained  after  removal  of  the  vanadium 
as  previously  described.  A  yellow  sublimate  is  produced  having  all  the 
characters  of  a  chloride  of  the  new  element,  and  which  is  readily  soluble 
in  water. 

A  sufficient  quantity  of  the  new  element,  in  the  form  of  any  of  its  com- 
pounds, has  not  yet  been  accumulated  to  enable  exact  quantitative  analyses 
to  be  carried  out,  but  Dr.  Bayer  hopes  shortly  to  have  obtained  the  amount 
requisite  for  this  purpose  and  for  the  determination  of  the  atomic  weight 
of  the  element.  There  appears  to  be  little  room  for  doubt  that  it  will  prove 
to  be  one  of  the  missing  elements  predicted  by  Professor  Mendeleeff  in  the 
nitrogen-phosphorus  group.  It  exhibits  characteristic  spectroscopic  lines  in 
the  green,  blue  and  violet. 


ARGON:  A  NEW  CONSTITUENT  OF  THE  ATMOSPHERE. 

In  a  paper  bearing  this  title,  recently  read  before  the  Royal  Society,  Lord 
Rayleigh  and  Professor  Ramsay  described  the  results  of  their  researches  into 
the  nature  and  properties  of  argon,  the  new  constituent  of  the  atmosphere. 

The  following  abstract  of  this  communication  is  taken  from  the  Enginee?'- 
ing  and  Mijiing  Journal  : 

The  separation  of  the  unknown  constituent  was  effected,  as  stated  at  the 
meeting  of  the  British  Association,  by  two  different  methods — absorption  of 
nitrogen  by  red-hot  magnesium,  and  a  repetition  of  the  experiment  in  which 
Cavendish  removed  the  nitrogen  by  electric  sparking  in  the  presence  of  excess 
of  oxygen  and  an  alkali.  An  estimate  was  founded  upon  the  data  respect- 
ing the  volume  present  in  air,  on  the  assumption  that  the  densities  of  atmos- 
pheric and  chemical  nitrogen  differ  only  on  account  of  the  presence  of  argon 
in  the  former,  and  that  nothing  but  nitrogen  is  oxidized  during  the  treatment 
with  oxygen.  According  to  this  mode  of  calculation  the  density  is  20"6. 
Calculation  from  the  weight  of  a  mixture  of  argon  with  oxygen  gives,  how- 
ever, a  density  of  19  7.  The  most  trustworthy  results  of  a  number  of  deter- 
minations of  the  density  of  argon  prepared  by  means  of  magnesium,  give 
the  figure  19*9,  which  is  the  one  practically  accepted  by  the  authors.  By 
considerations  drawn  from  the  ratio  of  specific  heats,  the  authors  are  led  to 
regard  argon  as  a  monatomic  gas,  like  mercury,  and  its  atomic  weight  is 
therefore  not  twenty,  but  forty.  Many  attempts  have  been  made  to  induce  it 
to  combine,  but  they  have  all  as  yet  proved  abortive.  Argon  does  not  com- 
bine with  oxygen,  in  presence  of  alkali,  under  the  influence  of  the  electric 
discharge;  nor  with  hydrogen,  in  presence  of  acid  or  alkali,  when  sparked;  nor 
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with  chlorine,  dry  or  moist,  when  sparked  ;  nor  with  phosphorus  at  a  bright 
red  heat ;  nor  with  sulphur  at  bright  redness.  Tellurium  may  be  distilled  in 
a  current  of  the  gas;  so  may  sodium  and  potassium,  their  metallic  lustre 
remaining  unchanged.  It  is  not  absorbed  when  passed  over  fused  red-hot 
caustic  soda,  or  soda-lime  heated  to  bright  redness  ;  it  passes  unaffected  over 
fused  and  bright  red-hot  potassium  nitrate,  and  red-hot  sodium  peroxide  does 
not  combine  with  it.  Persulphides  of  sodium  and  calcium  are  also  without 
action  at  a  red  heat.  Platinum  black  does  not  absorb  it,  nor  does  platinum 
sponge,  and  wet  ozidizing  and  chlorinating  agents,  such  as  nitro-hydrochloric 
acid,  bromine  water,  bromine  and  alkali,  and  hydrochloric  acid  and  potas- 
sium permanganate,  are  entirely  without  action.  Experiments  with  fluorine 
are  in  contemplation,  but  the  difficulty  is  great.  An  attempt  will  be  made  to 
produce  a  carbon  arc  in  argon.  Mixtures  of  sodium  and  silica,  and  of 
sodium  and  boracic  anhydride,  are  also  without  action  ;  hence  it  appears  to 
resist  attack  by  nascent  silicon  and  by  nascent  boron.  As  to  its  physical 
properties,  we  have  a  little  more  information.  Its  solubility  in  water  is  rela- 
tively high,  being  two  and  a  half  times  that  of  nitrogen.  Its  spectroscopic 
examination  has  been  conducted  by  Mr.  Crookes,  who  contributed  a  supple- 
mentary paper  dealing  with  that  portion  of  the  subject.  It  has  two  distinct 
spectra,  as  has  nitrogen  itself.  But  while  the  nitrogen  spectra  are  of  different 
characters,  one  being  a  line  and  the  other  a  band  spectrum,  the  iwo  spectra 
of  argon  are  of  the  same  type.  The  red  lines  are  described  as  specially 
characteristic ;  there  is  a  bright,  yellow  line,  a  group  of  five  in  the  green, 
and  five  strong  violet  lines,  of  which  the  fourth  is  the  most  brilliant,  and  has 
a  wave  length  of  420.  The  spectrum  is  identical,  whether  the  substance  be 
separated  by  magnesium,  or  by  sparking.  According  to  Professor  Olzewski, 
of  Cracow,  the  critical  point  of  the  new  gas  is  121°  ;  the  critical  pressure,  50"6 
atmospheres;  the  boiling  point-;87°;  the  melting  point-i89"6° ;  and  the 
.density  of  the  liquid,  v^. 
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Popular  Lectures  and  Addresses. — By  Sir  William  Thomson  (Baron  Kelvin). 
Vol.  II.  Geology  and  General  Physics.  8vo.  Pp.  599.  London  and 
New  York  :  Macmillan  &  Co.     1894. 

The  present  volume  of  Lord  Kelvin's  popular  lectures  and  addresses  com- 
pletes the  series  of  three  volumes.  The  theories  discussed  are  well  defined 
in  the  title  of  the  volume,  and  several  of  them  have  given  rise  to  animated 
discussion.  The  distinguished  author,  who  is  acknowledged  as  the  leader  of 
thought  in  the  domain  of  physical  science,  has  advanced  views  regarding 
"  geological  time  "  and  "  geological  dynamics,"  which  happen  to  diff"er  sub- 
stantially from  those  entertained  by  the  geologists,  and  which,  consequently, 
have  been  sharply  criticised.  The  subjects  considered  in  these  lectures  and 
addresses  are  treated  in  a  style  fully  adapted  to  the  comprehension  of  the 
intelligent  reader,  and,  it  need  scarcely  be  added,  will  amply  repay  careful 
reading  and  study.  W» 
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/i7<ff/r/o///V7-y.— By  Oliver  Heaviside( 2  vols).  Cloth.  8vo.  Fp.  560-587. 
New  York  and  London  :  Macmillan  &  Co.     1894.     Price,  $7. 

These  volumes  constitute  the  collected  papers  of  Mr.  Heaviside,  who  is 
well  known  to  many  readers  of  the  Journal  for  his  valuable  work  as  an 
elucidator  of  the  modern  theory  of  electro-magnetism. 

The  present  edition  of  the  author's  works  embraces,  in  addition  to  his 
various  contributions  to  this  subject,  many  papers  on  miscellaneous  topics 
published  during  the  past  twenty  years.  The  treatment  is  mathematical.  W. 

Electric  Waves  :  being  researches  on  the  propagation  of  electric  action  with 
finite  velocity  through  space.  By  Dr.  Hemrich  Hertz.  London  and  New 
York:  Macmillan  &  Co.     Pp.  xv  -f  278.     Price,  $2.50. 

The  importance  to  science  of  this  comprehensive  review  of  the  theory  of 
electric  action  cannot  be  too  highly  esteemed.  It  includes  within  its  fourteen 
chapters,  originally  contributed  to  Wiedemann  s  Annalen,  and  now  gathered 
by  Prof.  D.  E.  Jones,  B.Sc,  into  a  single  volume,  the  record  of  scientific  dis- 
covery, from  the  time  of  Newton  and  Bernoulli  down  to  and  including  the 
work  of  the  author  himself,  which  is  acknowledged  by  his  contemporaries 
to  be  epoch-making.  W» 

Electricity  One  Hundred  Years  Ago  and   To-Day.     With  copious  notes  and 

extracts.     By  Edwin  J.    Houston,    Ph.D.     (Princeton).     New  York :  The 

W.  J.  Johnston  Company,  Limited,  253  Broadway.     Pp.  199.     Illustrated. 

Price,  $1. 

In  tracing  the  history  of  electrical  science  from  its  infancy  to  the  present 
day,  the  author  of  this  work  has,  wherever  possible,  consulted  original 
sources  of  information,  and  he  was  fortunate  to  have  at  his  disposal  for 
this  purpose  the  excellent  library  of  the  Franklin  Institute,  which  contains, 
perhaps,  the  most  complete  collection  of  scientific  publications  of  the  last 
century  to  be  found  in  this  country. 

As  a  result  of  these  researches,  several  revisions  of  the  dates  of  discovery 
of  important  principles  in  electrical  science  were  found  to  be  necessary.  For 
example,  it  was  found  that  Sir  Humphrey  Davy  was  anticipated  in  the  dis- 
covery of  the  electric  arc  by  many  others,  and,  in  fact,  did  not  claim  to  have 
been  the  first  to  discover  the  brilliant  effects  of  the  arc.  Proper  credit  is 
given  to  Gilbert  for  his  inductive  methods,  and,  in  an  appendix,  several  writers 
are  quoted  to  show  that  Bacon  has  been  honored  above  his  merit  in  this 
respect. 

While,  as  the  author  states,  the  compass  of  the  book  does  not  permit  of 
any  other  than  a  general  treatment  of  the  subject,  yet  numerous  references 
are  given  in  foot-notes,  which,  also,  in  many  cases,  quote  the  words  in  which 
a  discovery  was  first  announced  to  the  world,  or  give  more  specific  informa- 
tion in  regard  to  the  subjects  mentioned  in  the  main  portion  of  the  book. 
This  feature  will  be  found  of  interest  and  value,  for  often  a  clearer  idea  may 
be  obtained  from  the  words  of  a  discoverer  of  a  phenomena  or  principle  than 
is  possible  when  they  are  presented  at  second-hand. 

The  work  is  not  a  mere  catalogue  of  subjects  and  dates,  nor  is  it  couched  in 
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technical  language  that  is  intelligible  only  to  a  few.  On  the  contrary,  one  of  its 
most  admirable  features  is  the  agreeable  style  in  which  the  work  is  written,  its 
philosophical  discussion  as  to  the  cause  and  effect  of  various  discoveries,  and 
its  personal  references  to  great  names  in  electrical  science.  Much"  informa- 
tion as  to  electrical  phenomena  may  also  be  obtained  from  the  book,  as  the 
author  is  not  satisfied  to  merely  give  the  history  of  a  discovery,  but  also  adds 
a  concise  and  clear  explanation  of  its  nature  and  scope.  W. 


Franklin    Institute. 


[Proceedings  of  the  stated  meeting,  held  Wednesday,  February  20,  iSg^  ] 

Hall  of  the  Franklin  Institute, 
Philadelphia,  February  20,  1895. 

Mr.  Jos.  M.  Wilson,  President,  in  the  chair. 

Present,  thirty-nine  members  and  ten  visitors. 

Additions  to  membership  since  last  report,  seven. 

Mr.  Henry  R.  Heyl  was  elected  to  fill  the  vacancy  in  the  office  of  Vice- 
President,  and  Mr.  Charles  A.  Hexamer  to  fill  the  vacancy  in  the  Committee 
on  Science  and  the  Arts. 

The  amendments  relating  to  the  organization  and  government  of  the 
Sections,  proposed  by  the  Committee  on  Sectional  Arrangements  and  recom- 
mended for  adoption  by  the  Board  of  Managers,  were  adopted  by  unanimous 
vote. 

The  Secretary  presented  and  read  a  communication  from  the  Verein 
Deutscher  Ingeftieure,  of  Berlin,  setting  forth  the  advantages  to  be  attained 
by  the  adoption  of  a  uniform  system  of  screw-threads  by  all  civilized  nations, 
and  asking  whether  the  Franklin  Institute  would  be  disposed  to  co-operate 
in  an  international  movement  looking  to  the  unification  of  screw-thread 
standards. 

The  meeting  voted  to  authorize  the  President  to  appoint  a  committee  to 
consider  the  expediency  of  such  co-operation  on  the  part  of  the  Franklin 
Institute,  and  to  report  at  the  next  stated  meeting. 

Mr.  B.  P.  Wiltberger  read  a  paper  entitled  '*  The  Application  of  Cellulose 
to  Men-of-War  and  to  the  Merchant  Marine."     (To  be  published.) 

Mr.  Geo.  W.  Walker,  of  New  York,  exhibited  and  described  an  improve- 
ment in  electric  lamps  of  the  "  incandescent-arc  "  type,  which  is  manufac- 
tured by  the  Manhattan  General  Construction  Company,  of  New  York. 
(The  subject  is  under  investigation  by  the  Committee  on  Science  and  the 
Arts.) 

The  Secretary's  report  (see  Notes  and  Comments)  was  presented. 

Adjourned.  Wm.  H.  Wahl,  Secretary. 


\ 


K'/.  CXXXIX  Af'fii,  iSgS. 


/fkd  JfemSe/T  //?  //?rcc  m^^a/e  joa^a/i-  a- 
^rrc/  i^arrJ'  —  J'coo  /Ar  ac-    Sep.  /hc^ 


Jimr.   I^ni.   Inst.,  Vol.  CXXXW      AptiL  iS')^. 


MERP,ICK 


t 


■FU 


cf^^'"' 


=fl 


7T 


c 


—    -a  iV  i 


Plan  W  Lllvation    or    EIast  Abut. 


=^- 


Plan    ac    Llevations    WlstAbutmlnt 


C/rr    AVENUE    BRIDGE  ^^°  „4^^ 

MASONRY  PL  A  N 

Details  of  Piers  xSf^   /abutments. 

ScALt     V  .  I', 

Ptala.Pa    Apr.  6'il839. 


Plan   \      LLtVATIcjlN     or      P1E.R     N53. 


Plan   8c   ELle.vatic!N  of  Pier  N^  4 

It 

_^____ , , 1^ ^ 

■71I 

i! 

Er-_=:.!^;i=-._zh    ■^.''~-   :^ 

1 

i 

JOURNAL 


OF  THE 


Franklin  Institute 

OF  THE  STATE  OF  PENNSYLVANIA, 
FOR  THE  PROMOTION  OF  THE  MECHANIC  ARTS. 

Vol.  CXXXIX.  APRIL,  1895.  No.  4 


The  Franklin  Institute  is  not  responsible  for  the  state- 
ments and  opinions  advanced  by  contributors  to  the  Journal. 


THE  CITY   AVENUE   BRIDGE  OVER   the   SCHUYL- 
KILL  RIVER,  PHILADELPHIA. 


By  J.  Vaughan  Merrick. 


This  bridge,  having  passed  into  the  hands  of  the  city, 
and  the  corporation  which  built  it  having  been  dissolved,  it 
seems  proper  that  so  important  a  municipal  improvement 
should  have  its  history  recorded. 

For  many  years  past,  efforts  have  been  made  by  those 
especially  interested,  to  have  the  Schuylkill  bridged  at  a 
point  near  the  mouth  of  the  Wissahickon ;  and  old  maps  of 
that  region  show  the  projected  lines  for  such  a  bridge, 
extending  from  Ridge  Avenue  immediately  south  of  Wissa- 
hickon Creek,  upon  the  eastern  side,  crossing  to  a  point  in 
line  with  City  Avenue  on  the  western  side ;  which  avenue, 
beginning  at  a  point  a  few  hundred  feet  from  the  river, 
forms  the  boundary  between  Philadelphia  and  Montgomery 
counties. 
Vol.  CXXXIX.    No.  832.  16 
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Until  the  completion  of  City  Avenue  bridge,  no  means 
of  communication  existed  between  the  two  sides  of  the 
Schuylkill,  from  the  Manayunk  "  toll  bridge,"  at  the  northern 
end  of  that  suburb,  to  the  ''  Falls  bridge,"  a  distance  of 
about  two  miles.  To  both  these  bridges  the  approaches 
from  the  high  table  lands  on  the  western  side  are  by  hilly 
and  poorly-made  country  roads.  The  lower  one  passes  under 
a  low  arch  on  the  Reading  Railroad,  and  is  dangerous^ 
besides  being  almost  impracticable  in  winter  on  account  of 
the  grade.  The  growth  of  the  city  in  its  western  wards,  in 
Roxbc rough  and  Germantown,  called  for  better  facilities 
of  communication  between  them,  and  the  project  of  erect- 
ing a  bridge  on  the  lines  above  indicated  assumed  increased 
importance.  As  there  seemed  no  probability  of  getting  the 
city  to  undertake  it,  a  number  of  gentlemen,  supposed  to  be 
interested  in  promoting  its  construction,  met  at  the  house 
of  Mr.  Justus  C.  Strawbridge,  on  School  Lane,  in  the  latter 
part  of  1887.  At  this  meeting  the  necessity  of  better  com- 
munication was  presented  and  plans  were  discussed.  Two 
views  were  advocated,  one  of  which  was  to  connect  School 
Lane  by  an  elevated  structure  across  the  Reading(Norristown 
branch)  Railroad  and  Park  Meadow,  to  the  knoll  south  of 
the  Wissahickon,  thence  to  bridge  the  Schuylkill ;  the  other 
for  the  latter  part  of  this  scheme  only.  For  many  reasons, 
on  which  I  need  not  enlarge,  the  latter  view  prevailed,  as 
affording  immediate  relief  at  a  much  lower  cost,  and  also  as 
extending  the  drives  of  the  park,  connecting  them  with  the 
fine  system  of  turnpike  roads  in  Montgomery  County 
adjoining  City  Line,  and  also  with  West  Philadelphia. 

A  company,  under  the  name  of  "Germantown  and  City 
Avenue  Bridge  Company,"  was  chartered  March  8,  1888,  and 
the  first  meeting  of  the  Board  of  Directors  was  held  March 
26,  1888.  This  board  consisted  of  Justus  C.  Strawbridge, 
President,  and  J.  Vaughan  Merrick,  George  B.  Roberts,  Wil- 
liam P.  Henszey,  David  Scull,  Reed  A.  Williams,  Jr.,  and 
J.  C.  Harris,  with  E.  W.  Clark,  Secretary  and  Treasurer.  Sub- 
scriptions to  the  capital  stock,  amounting  to  $110,000,  were 
secured.  An  ordinance  was  passed  by  the  City  Councils  and 
approved  by  the  Mayor  (Hon.  E.  H.  Fi tier)  in   June,    1888, 
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authorizing  the  erection  and  location  of  the  bridge,  ceding 
the  necessary  ground  for  approach  and  right  of  way,  upon 
the  approval  of  the  plans  by  the  Department  of  Public 
Works,  the  Survey  Department  and  the  Commissioners  of 
Fairmount  Park.  By  this  ordinance  the  city  reserved  the 
right  to  purchase  the  bridge  at  cost,  upon  a  sworn  state- 
ment thereof  at  completion,  or  to  lease  it  at  five  per  cent, 
thereupon,  and  also  to  pay  the  State  tax  and  maintain  it  in 
good  repair.  The  Mayor  was  to  exercise  this  option  within 
two  years  of  the  completion. 

After  careful  surveys  had  been  made  as  to  the  location 
of  approaches  and  river  soundings,  several  plans  were  suc- 
cessively prepared  and  considered,  questions  of  cost  enter- 
ing largely  into  their  consideration.  Finally,  the  company 
determined  upon  a  five-span  bridge  with  plank  floor,  and 
adopted  a  plan  prepared  by  W.  H.  Brown,  Esq.,  assisted  by 
Mr.  H.  A.  Pratt.  This  plan  was  approved  by  the  authori- 
ties above  named,  and  is  the  one  on  which  the  bridge  was 
built.  The  total  length  is  706  feet,  viz.:  two  end  spans  of 
1 14  feet ;  three  channel  spans  of  170  feet  6  inches  (west),  153 
feet  9  inches,  and  153  feet  9  inches  respectively.  Width  of 
roadway,  30  feet,  and  two  sidewalks,  6  feet  each  ;  a  total 
width  of  42  feet ;  Pratt  truss  for  channel  spans ;  roadway 
on  upper  chord ;  piers  of  cut  stone  from  Conshohocken 
quarry;  superstructure  of  iron;  road  and  footways  of  plank 
(two  thicknesses),  and  an  ornamental  iron  railing  and  lamp- 
posts on  each  side.  The  strength  of  the  superstructure  is 
equal  to  that  usually  required  for  railroad  bridges,  and, 
therefore,  far  in  excess  of  the  proportions  commonly  adopted 
for  highway  bridges.  In  all  the  details  of  design  and  con- 
struction, consultation  was  had  with  the  (then)  head  of  the 
Survey  Department  of  the  City  of  Philadelphia,  the  late 
Samuel  L.  Smedley,  and  his  approval  obtained.  The  bridge 
is  of  considerable  height,  audits  roadway  is  inclined  12  feet, 
being  77J  feet  above  mean  low  water  at  the  western  end, 
and  65J  feet  at  the  eastern  end. 

The  data  for  calculations  were  as  follows : 
Assumed  loading,  80  pounds  per  square  foot  of  roadway 
and  sidewalks,  in  addition  to  weight  of  structure. 
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Wind  stresses,  on  upper  lateral  bracing,  200  pounds  per 
lineal  foot,  static  load;  100  pounds  per  foot,  moving  load. 

Working  stresses,  tension,  eye  bars,  12,000  pounds  per 
square  inch. 

Working  stresses,  tension,  plate  and  shape  iron,  10,000 
pounds  per  square  inch. 

Working  stresses,  tension,  counter  rods,  9,000  pounds  per 
square  inch. 

Working  stresses,  tension,  lateral  and  sway  rods,  15,000 
pounds  per  square  inch. 

Working  stresses,  compression,  built  members  (taking 
compression  only),  8,000  pounds  per  square  inch. 

Working  stresses,  compression,  web  members  in  three 
middle  panels  of  end  spans,  5,000  pounds  per  square  inch. 

Maximum  fibre  stress  in  pins,  15,000  pounds  per  square 
inch. 

The  company  contracted  for  the  stone-work,  after  public 
advertisement,  and  awarded  the  same  to  the  lowest  bidder, 
John  B.  Reilly  &  Co. 

The  iron  work  was  submitted  to  eight  first-class  railway 
bridge  builders,  and  the  contract  was  awarded  to  Cofrode 
&  Saylor,  the  lowest  bidders  conforming  to  the  specifica- 
tions. The  board  appointed  as  a  building  committee, 
Messrs.  Merrick,  Roberts  and  Henszey  ;  and  elected  Fred- 
erick J.  Amweg,  C.E.,  as  the  constructing  engineer.  Under 
his  charge  the  work  was  completed,  and  the  two  approaches 
in  Fairmount  Park  graded,  macadamized  and  planted.  The 
total  cost  of  the  entire  work,  including  expenses  of  organiza- 
tion and  interest  upon  advance  payments  up  to  completion, 
was  $109,807.42. 

Work  was  begun  in  April,  1889,  and  was  to  have  been 
completed  in  five  months;  but  owing  to  delay  in  beginning 
the  stone-work,  and  excessive  and  repeated  floods  during  the 
summer,  which  carried  away  the  coffer  dams,  it  was  not 
opened  for  travel  until  May  30,  1890,  and  was  finally  com- 
pleted October  i,"i890,  when  a  statement  of  cost,  as  above, 
was  filed  with  the  city. 

The  traffic  upon  the  bridge  immediately  showed  the  wis- 
dom of  its  projectors,  and  justified  their  belief  that  it  was 
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greatly  needed.  It  earned  from  the  beginning  four  per 
cent,  on  its  cost  after  paying  all  expenses  ;  and  travel  gradu- 
ally increased,  until  five  per  cent,  was  earned  at  the  time 
(1893)  the  Falls  bridge  was  carried  away  by  freshets.  After 
that  date,  of  course,  the  increase  was  more  rapid,  as  all  ad- 
jacent travel  was  thrown  upon  it. 

In  their  dealings  with  the  company,  the  city  authorities 
have  not  appeared  to  recognize  the  public  spirit  of  the  pro- 
jectors of  the  enterprise,  or  the  benefits  it  would  secure,  in 
the  development  of  suburban  territory  and  the  convenience 
of  the  traveling  public. 

The  ordinance  granting  permission  for  its  erection  pre- 
scribed, as  has  been  stated,  certain  terms  upon  which  it 
might  be  bought  or  leased,  which  terms  simply  secured  the 
subscribers  against  loss.  When,  however,  the  Mayor  elected 
to  lease  it.  Councils  offered  inferior  terms  to  those  prescribed 
by  their  own  ordinance,  and  less  than  the  bridge  was  already 
earning.     The  offer  was,  of  course,  declined. 

Some  months  later,  December  28,  1892,  certain  citizens 
on  the  west  side  and  others,  unconnected  with  the  company, 
began  proceedings  before  the  Court  of  Quarter  Sessions  to 
compel  the  city  to  free  the  bridge  from  tolls,  under  the  State 
Act  of  May  8,  1876,  providing  for  such  cases. 

The  Court  (Biddle,  J.)  decided,  December  5,  1893,  that 
these  proceedings  should  be  set  aside,  on  the  ground  that, 
although  the  act  provided  for  taking  bridges  in  any  county 
in  the  State,  yet  that  Philadelphia  County  having  been 
erected  into  a  municipality,  the  act  thereby  ceased  to  be 
operative  therein.  The  case  was  carried  to  the  Supreme 
Court  of  Pennsylvania,  when  the  action  of  the  lower  court 
was  reversed  on  the  ground  that  Philadelphia  was  still  a 
county,  and  its  citizens  could  not  be  deprived  of  the  only 
means  for  freeing  bridges  which  had  been  provided  by  the 
Legislature.  New  proceedings  were  ordered  October  22, 
1894.  The  case  was  accordingly  brought  before  the  Grand 
Jury  by  Judge  Reed,  when,  on  November  2,  1894,  the  bridge 
was  ordered  to  be  taken  for  public  use  at  a  valuation  equal 
to  its  cost.  Possession  was  given  -on  November  20th,  the 
city  retaining  the  tolls  collected  to  that  date  from  the  2d 
inst. 
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The  accompanying  illustrations  show  a  structure  which 
will  compare  favorably,  either  in  appearance  or  strength, 
with  any  bridge  erected  by  the  municipality.  As  to  cost,  it 
is,  of  course,  impracticable  to  make  a  fair  comparison,  owing 
to  the  diverse  conditions  existing  in  different  bridges.  But 
it  is  certain  that  the  expense  incurred  in  its  construction  is 
far  less  than  would  have  been  possible  under  city  contracts. 
It  was  built  by  business  men,  who  gave  their  services  with- 
out compensation,  and  upon  methods  calculated  to  ensure  a 
minimum  cost  with  the  most  direct  responsibility.  Sepa- 
rate contracts  with  principals,  for  stone-work  and  super- 
structure, instead  of  one  contract  for  the  whole  work, 
enabled  the  company  to  obtain  the  most  economical  results 
from  the  best  bidders. 


The    REDHEFFER    PERPETUAL    MOTION 

MACHINE. 


By  Henry  Morton. 


In  the  museum  of  the  Franklin  Institute,  at  Philadelphia, 
is  a  curious  model,  which  was  made  about  eighty  years  ago, 
by  Isaiah  Lukens,  for  the  purpose  of  exposing  the  fraud 
involved  in  the  (then)  famous  Redheffer  Perpetual  Motion 
Machine,  in  which  large  sums  of  money  were  sunk,  as  they 
have  been  more  recently  in  the  ''  Keely  Motor  "  and  like 
schemes. 

This  model,  represented  in  the  accompanying  engraving, 
consists  of  a  horizontal  circular  table,  attached  to,  and  sup- 
ported by,  a  central  vertical  shaft,  resting  on  a  pivot  below 
and  steadied  by  a  journal  held  in  a  framework  above.  Two 
inclined  planes,  mounted  on  wheels,  rest  on  this  circular 
table,  and  each  inclined  plane  has  on  it  a  car  containing  two 
removable  weights. 

The  inclined  planes,  and  also  the  cars,  are  attached  to 
levers  which  are  supposed  to  transmit  to  the  central  shaft 
the  tendencies  of  the  inclined  planes  to  run  from  under  the 
cars,  and  of  the  cars  to  run   down  the   inclined  planes,  and 
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these  tendencies  are  supposed  to  cause  rotation  of  the  cen- 
tral shaft,  carrying  with  it  the  table  and  all  the  parts  on  it. 
A  model  identical  in  appearance  with  this  was  for  many 
years  exhibited  in  the  Philadelphia  Museum,  but  was  de- 
stroyed when  that  museum  was  burned  down.  In  that 
model,  if  the  weig-hts  were  taken  out  of  the  cars,  the  ma- 
chine would  come  to  rest,  but  would  start  up  again  as  soon 


Isaiah  Lukens'  model  of  the  "  Redheffer  Perpetual  Motion,"  iu  the 
collection  of  the  Franklin  Institute. 


as  they  were  replaced,  and  under  favorable  conditions  would 
continue  to  run  indefinitely. 

Here  is  a  phenomenon  which  might  well  startle  a  novice, 
but  he  would  do  well  to  hold  fast  to  his  faith  in  the  conser- 
vation of  energy,  and  to  insist  on  a  further  investigation  into 
the  interior  of  the  apparatus ;  for  this  is  what  such  an  inves- 
tigation would  reveal : 

A  train  of  clock-work,  driven  by  a  spring,  was  concealed 
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in  the  base  of  the  machine,  and  could  be  wound  up  by  a 
slight  movement  of  one  of  the  ornaments  on  the  frame  of  a 
glass  case,  which  covered  and  locked  up  the  model  beyond 
seeming  possibility  of  tampering.  This  clock-work  drove  a 
small  plate,  on  which  rested  the  pivot  of  the  central  vertical 
shaft ;  and  the  various  frictions  were  so  adjusted,  that  when 
the  cars  were  loaded,  the  weight  thus  added  would  increase 
the  friction  of  the  little  plate  sufficiently  to  drive  the  shaft; 
but  when  the  weights  were  removed,  this  friction  was  too 
slight.  An  attendant,  touching  the  outside  case  for  a  mo- 
ment, once  a  day,  under  pretence  of  dusting  or  the  like, 
could  keep  the  spring  wound  up  perpetually. 

Such,  then,  is  the  structure,  and  such  the  mode  of  opera- 
tion, of  this  very  ingenious  model,  whose  history,  which  is 
also  extremely  interesting,  I  will  now  give. 

In  the  year  18 12,  Mr.  Charles  Redheffer  applied  to  the 
Legislature  of  Pennsylvania  for  a  grant  of  funds  to  carry  out 
his  great  invention  of  perpetual  motion,  and  a  committee  of 
experts,  consisting  of  Messrs.  Henry  Voight,  Robert  Patter- 
son, Nathan  Sellers,  Oliver  Evans,  Archibald  Binney,  Lewis 
Wernwag,  Josiah  White  and  Samuel  D.  Ingham,  was 
appointed  to  examine  the  matter. 

The  machine  to  be  examined  was  set  up  in  a  building 
near  the  banks  of  the  Schuylkill  River,  in  Philadelphia,  and, 
on  a  day  appointed,  the  above-named  commissioners  went 
out  to  inspect  the  apparatus,  Mr.  Nathan  Sellers  taking  with 
him  his  son  Coleman,  afterwards  the  father  of  Prof.  Coleman 
Sellers,  E.D. 

When  the  Commissioners  arrived  at  the  place  they  found 
that  the  door  of  the  room  containing  the  machine  was 
locked  and  the  key  missing,  so  that  their  study  was  con- 
fined to  an  inspection  of  the  apparatus  through  a  barred 
window. 

Even  this  limited  view,  however,  was  enough  for  the 
sharp  eyes  of  Coleman  Sellers.  The  machine  had  a  set  of 
teeth  on  the  periphery  of  the  rotating  table,  which  geared 
into  another  wheel,  whose  axle  was  supposed  to  transmit  the 
power  to  some  other  point  where  work  was  to  be  done. 
.  Young  Sellers,  looking  through  the  window,  noticed  that 
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the  faces  of  the  teeth  in  the  two  wheels  were  polished  by 
wear  on  the  wrong  sides.  This  will  be  clear  from  a  glance  at 
the  accompanying  diagram.  Let  A  be  the  rotating  table 
driving  the  gear  wheel  B,  in  the  direction  of  the  arrows; 
then,  clearly,  the  front  faces  of  the  teeth  of  A  will  press 
against  the  rear  faces  of  the  teeth  of  i>',  and  these  faces  will 
be  polished  by  friction. 

If,  however,  it  is  the  front  faces  of  the  teeth  of  B,  and 
the  rear  faces  of  those  of  A,  that  are  polished,  it  is  manifest 
that  B  must  be  driving  A.  This  is  what  young  Sellers 
noticed,  and  pointed  out  to  his  father,  as  proving  that  the 
perpetual   motion    machine,    instead   of   driving  the   gear 


wheel,  was  being  driven  by  it,  from  some  concealed  source 
of  power. 

Satisfied,  by  this  observation,  as  to  the  fraudulent  char- 
acter of  the  Redheffer  machine,  Mr.  Nathan  Sellers  con- 
cluded that  others  might  be  best  satisfied  by  a  sort  of  homoeo- 
pathic object  lesson. 

He,  therefore,  went  to  Mr.  Isaiah  Lukens,  a  very  skilful 
mechanician  of  that  day,  and  had  him  construct  the  above- 
described  model.  This  he  exhibited  at  first  to  a  number  of 
persons,  including  Mr.  Redheffer  himself,  but  without 
explaining  its  true  '*  inwardness."  Mr.  Redheffer  was  so 
impressed,  that  he  privately  offered  Mr.  Sellers  a  large  share 
of  his  inventions  if  he  would  tell  him  "how  it  was  done." 
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It  is  hardly  necessary  to  say  that  this  offer  was  declined, 
and  that  in  due  time  the  true  modus  operandi  was  made  public. 

This  matter  is  in  many  respects  so  curious,  that  I  will 
here  insert  a  copy  of  the  resolution,  under  which  this  com- 
mission acted,  viz.: 

''Whereas,  The  interference  of  the  Legislature  of  Penn- 
sylvania in  causing-  an  inquiry  to  be  made  relative  to  the 
perfection  or  imperfection  of  newly-invented  machinery  is 
not  without  precedent; 

''And  whereas,  It  has  been  represented  that  Charles 
Redheffer,  of  the  County  of  Philadelphia,  has  invented  a 
machine  declared,  not  only  by  the  inventor,  but  by  many 
intelligent  persons,  to  possess  the  power  of  self-motion  ; 

"And  whereas.  Should  it  be  ascertained  that  these 
opinions  are  correctly  founded,  not  only  great  honor  would 
be  conferred  upon  the  Commonwealth,  but  incalculable 
advantages  would  be  derived  from  the  invention  by  the 
people  of  the  United  States  especially,  and  by  mankind  in 
general ; 

"And  whereas,  On  the  other  hand,  should  the  machine 
be  found  to  be  imperfect,  the  public  interest  would  be  pro- 
moted by  exposing  its  fallacy; 

"And  whereas.  The  Legislature  of  this  Commonwealth 
reposes  confidence  in  the  integrity  and  qualifications  of 
Henry  Voight,  Robert  Patterson,  Nathan  Sellers  and  Oliver 
Evans,  of  the  city  of  Philadelphia;  Archibald  Binney, 
Lewis  Wernwas:  and  Josiah  White,  of  the  county  of  Phila- 
delphia ;  and   Samuel  D.  Ingham,  of  the  county  of  Bucks ; 

''Therefore,  Resolved,  By  the  Senate  and  House  of  Repre- 
sentatives of  the  Commonwealth  of  Pennsylvania,  in  Gen- 
eral Assembly  met,  that  Henry  Voight,  Robert  Patterson, 
Nathan  Sellers,  Oliver  Evans,  Archibald  Binney,  Lewis 
Wernwag,  Josiah  White  and  Samuel  U.  Ingham  be,  and 
they  are  hereby,  requested  to  make  a  strict  examination  of 
the  machine  invented  by  Charles  Redheffer,  and  to  make 
specific  representation  respecting  it,  as  its  alleged  import- 
ance and  the  public  expectation  require. 

''Resolved,  That  the  Secretary  of  the  Commonwealth  be, 
and  is  hereby,  requested  to  transmit  a  copy  of  the  foregoing 
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preamble  and    resolution    to  each   of    the   persons  named 
therein,  and  also  to  Charles  Redheffer. 

[signed]  John  Tod, 

Speaker  of  the  House  of  Representatives. 
P.  C.  Lane, 

Speaker  of  the  Senate. 

"In  the  House  of  Representatives,   December   14,  18 12. 

Read  and  adopted. 

Geo.  Heckert, 

Clerk  of  the  House  of  Representatives. 

''In  Senate,  December  17,  1812.     Read  and  adopted. 

JosiAH  A.  McJimsey, 

Clerk  of  the  Senate!' 


Then  follows  the  certificate  of  the  Deputy  Secretary,  and 
his  letter  to  Nathan  Sellers. 

In  the  "  History  of  Philadelphia,"  by  Scharf  and  West- 
cott.  Vol.  I,  it  is  stated  that,  on  November  26,  181 2,  City 
Councils  appointed  a  committee  to  examine  into  the  Red- 
heffer invention.  It  is  also  stated  that  January  21,  18 13,  was 
appointed  for  the  examination  of  the  machine,  but,  before 
the  day  mentioned,  Redheffer  notified  the  committee  that  it 
would  not  be  convenient  for  him  to  be  present;  afterwards 
he  said  that  he  would  not  show  the  machine  at  all,  and  this 
being  reported  to  the  Legislature,  the  committee  was  dis- 
charged. 

The  champion  of  Redheffer  in  the  public  press  of  that 
day  was  the  Aurora,  as  in  more  recent  times  the  New  York 
Herald  was,  of  Keely. 
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The  rise  and  PROGRESS  of  RIVER  and  HARBOR 
IMPROVEMENT  in  the  UNITED  STATES.* 


By  I.  Y.  Schermerhorn,  C.E. 


The  lecturer  was  introduced  by  the  Secretary  of  the 
Institute,  and  spoke  as  follows : 

Members  of  the  Institute,  Ladies  and  Gentlemen: 

History  teaches  that  the  early  centres  of  population  have 
always  been  around  the  mouths  of  great  rivers.  As  popu- 
lation, in  time,  spreads  from  such  centres,  the  need  for 
national  intercommunication  makes  these  rivers  the  natural 
highways  of  the  nation.  With  a  higher  national  develop- 
ment, and  its  larger,  requirements,  the  capacity  of  these 
water  highways,  in  many  cases,  falls  below  the  demand 
placed  upon  them,  and  their  improvement  to  meet  these 
larger  requirements  becomes  a  necessity. 

Under  modern  civilization,  no  better  material  criterion 
of  a  nation's  advancement  can  be  furnished  than  the 
measure  of  facilities  provided  for  ready  intercommunica. 
tion.  By  such  means,  the  products  of  different  parts  of  the 
country  can  be  freely  interchanged,  and  the  varying  needs 
of  one  locality  met  by  the  resources  of  another;  while 
equally,  if  not  in  a  larger  measure,  they  contribute  to 
national  development  by  bringing  otherwise  widely-sepa- 
rated parts  into  closer  relations,  thereby  breaking  down 
provincialism,  and  knitting  the  nation  together  in  a  bond 
of  unity,  established   upon,  national  and  not  local  interests. 

The  utilization  for  commercial  purposes  of  the  water- 
ways of  our  country  is  so  important  a  factor  in  our  national 
growth  and  prosperity,  that  the  sttident  of  political  economy 
cannot  fail  to  be  interested  in  the  motives  which  have 
prompted,  and  the  steps  which  have  led  to,  the  present 
stage  of  development  of  our  navigable  waters  ;  and  when 
attention  is  directed  to  the  importance  of  such  water  high- 

*  A  lecture  delivered  before  the  Franklin  Institute,  December  21,  1894. 
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ways,  in  the  earlier  development  of  the  country,  and  their 
still  greater  value  to  its  full  development  under  the  condi- 
tions of  to-day,  it  will  readily  be  admitted  that  such  na- 
tional highways  are  not  secondary  in  importance  to  any 
other,  not  even  excepting  our  wonderful  system  of  railroad 
intercommunication. 

The  present  national  policy  as  to  the  conservation  and 
improvement,  by  the  general  Government,  of  the  navigable 
waters  of  the  United  States  has  been  the  growth  of  a  cen- 
tury's action  and  legislation  ;  and,  though  this  policy  began 
with  feeble  indications  of  purpose,  it  has  nevertheless 
steadily  grown  in  force  and  definition,  until  it  has  culmi- 
nated in  the  broad  clear  conclusions  and  position  of  the 
present  day.  While  we  believe  that  the  beginning  must 
contain  all  the  potentiality  found  in  the  thing  into  which  it 
has  developed,  it  is  frequently  difficult  to  recognize  the 
beginning  in  the  end,  unless  we  consider  the  intermediate 
stages.  That  you  may  the  better  compare  the  beginning 
with  the  end,  I  propose  to  first  briefly  place  before  you,  in 
general  terms,  the  position  which  the  general  Government 
assumes,  in  its  broad  claim  of  conservation  and  supreme 
control,  over  the  navigable  waters  of  the  country,  and  then 
to  trace  the  steps  by  which  such  a  commanding  position 
has  been  reached. 

In  earlier  times,  the  waterways  which  were  denominated 
navigable,  and  over  which  the  Government  assumed  to  exer- 
cise control,  were  limited  to  the  Great  Lakes  and  the  more 
important  waters  in  which  the  tide  ebbed  and  flowed.  Now, 
the  term  navigable  waters  is  made,  by  the  Acts  of  Congress 
and  the  decisions  of  the  United  States  Supreme  Court,  to 
cover  the  Great  Lakes  and  their  direct  tributaries,  the  con- 
necting links  between  these  lakes,  and  all  other  waters, 
whether  tidal  or  not,  upon  which,  directly  or  indirectly,  the 
Government  has  entered  for  the  purpose  of  their  improve- 
ment, and  which  have  a  navigable  capacity  sufficient  to 
float  rafts,  skiffs  and  saw-logs. 

Over  all  such  waters  the  conserving  control  of  the  Gov- 
ernment is  supreme,  and  without  the  authority  of  the  Secre- 
tary of  War,  who  is  made,  by  the  Acts  of  Congress,  the  cus- 
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todian  of  the  navigable  waters  of  the  land,  no  bridge  or 
dam  can  be  built,  or  other  structure  erected,  which 
would  impair  the  free  navigation  of  such  waters  ;  no  mate- 
rial of  any  kind  can  be  added  to  or  taken  from  their  beds, 
which  will  in  any  way  modify  their  natural  capacity,  even 
though  such  additions  or  removals  be  made  for  the  improve- 
ment of  such  waters  by  the  riparian  owner.  For  any  act 
which  will  in  any  manner  interfere  with  the  natural  condi- 
tion of  our  navigable  waters,  or  their  navigable  capacity, 
the  authority  of  the  Secretary  of  War  must  first  be  obtained. 

These  waters  are  the  nation's  highways,  and  as  such  are 
free  to  all,  whether  it  be  to  float  modern  steamships,  or  only 
skiffs  and  saw-logs.  The  riparian  owner  may  probably  make 
some  theoretical  claim  of  ownership  to  its  bed  by  erecting 
wharves  and  landings,  so  long  as  such  structures  in  no 
way,  directly  or  indirectly,  invalidate  the  navigability  of 
the  waters  ;  but  there  his  privilege  ends  and  the  broad 
rights  of  the  public  begin,  and  there  the  National  Govern- 
ment stands  on  guard  over  these  paramount  public  rights. 
The  power  of  Congress  to  guard  against  the  perversion  of 
the  uses  of  a  street  in  the  city  of  AVashington,  or  against 
any  act  tending  to  impair  its  usefulness  to  the  general 
public,  is  no  more  supreme  on  such  streets  than  it  is  over 
the  navigable  waters  of  the  United  States. 

The  accumulated  force  of  the  decisions  of  the  United 
States  Supreme  Court,  beginning  with  those  of  Chief  Jus- 
tice Marshall,  who  first  outlined  this  policy,  and  coming 
down  to  those  of  recent  times,  leads  to  the  conclusion  that 
in  this  matter  of  the  conservation  and  control  of  the  navi- 
gable waters  of  the  country,  the  States  can  in  no  manner 
exercise  such  control,  but,  instead,  the  power  of  Congress  is 
complete,  absolute  and  exclusive,  and  may  be  exercised  to 
its  fullest  extent,  and  with  no  limitations  beyond  those  pre- 
scribed by  the  Constitution. 

This,  in  brief,  is  the  position  held  by  the  national  Gov- 
ernment to-day,  and  under  the  conclusions  which  may  be 
derived  from  the  broad  premises,  this  control  of  the  Govern- 
ment is  exercised,  and  the  works  of  river  and  harbor 
improvement  planned  and  executed.     Let  us  now  return  to 
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the  early  views  held  upon  these  same  questions,  and  trace 
the  rise  and  progress  toward  the  system  of  to-day,  as  sum- 
marized in  the  foregoing  statements. 

The  fundamental  English  theory  was,  that  the  rivers  and 
bays  of  the  kingdom  existed  only  for  the  purpose  of  floating 
the  king's  ships  and  furnishing  salmon  and  turbot  for  the 
royal  table ;  therefore,  the  title  of  all  ebbing  and  flowing 
streams  was  in  the  king  alone.  The  principle  which  was 
in  force  in  England  became  equally  applicable  in  her  colo- 
nies, and  the  early  colonial  title  to  the  waters  of  this  coun- 
try was  resident  in  the  sovereign.  When  the  colonies 
revolted  and  finally  secured  their  independence,  each  State, 
as  a  separate  sovereign,  maintained  that  it  had  inherited  all 
the  rights  of  the  original  sovereign,  and  among  these, 
supreme  control  over  the  navigable  waters  within  its 
borders. 

In  streams  in  which  the  tide  rose  and  fell,  low-water 
mark  in  some  States  and  high-water  mark  in  others,  was  the 
limit  of  the  riparian  owner's  rights,  and  outside  of  such 
limits  the  State  owned  the  bed  of  the  stream,  and,  as  such 
owner,  exercised  the  right  to  lease  or  sell  to  individuals  the 
exclusive  privilege  of  using  the  State's  water  domain  for 
certain  purposes.  Many  of  the  Atlantic  Coast  States  exer- 
cised these  rights  to  very  recent  times,  and  New  Jersey  and 
Delaware  still  claim  the  right  to  maintain  the  fishing  privi- 
leges sold  to  individuals  long  ago.  While  such  rights  are 
passively  recognized  by  the  general  Government  at  the  pres- 
ent time,  they  are  not  permitted  to  interfere  with  any  plan 
for  the  improvement  of  the  nation's  navigable  waters;  and  if 
such  plan  of  improvement  destroys  the  value  of  these  rights, 
it  is  an  injury  without  damages,  since  the  nation's  right  to 
improve  its  navigable  waters,  or  adopt  any  means  to  main- 
tain such  improvements,  is  paramount  to  any  right  which 
the  State  or  individual  may  claim  in  such  waters. 

Under  the  ''Articles  of  Confederation,"  which  existed 
from  1777  to  1789,  Congress  had  no  power  over  commerce 
or  navigation,  and,  accordingly,  each  State  exacted  such 
laws  as  it  pleased.  Rivalries  existed  whereby  one  State 
competed  with  another :  one,  by  more  favorable  navigation 


256  Sclicrmcrhorn :  [J.  F.  I., 

laws,  sought  to  increase  its  own  trade  and  commercial 
advantage,  at  the  expense  of  sister  States  ;  and  the  struggle 
for  commercial  existence  became  simply  a  question  of  the 
survival  of  the  fittest.  Such  a  condition  of  affairs  could 
not  long  exist,  without  producing  the  unfortunate  results 
sure  to  flow  from  lack  of  co-operation  and  harmony,  in 
matters  which  affected  the  body  politic,  and,  as  a  result,  the 
first  amendment  to  the  "Articles  of  Confederation,"  pro- 
posed to  give  Congress  enlarged  powers  over  the  subject  of 
commerce  and  navigation. 

This  early  experience  of  the  States  in  attempting  to 
regulate  commerce  by  the  individual  action  of  the  States 
having  resulted  in  a  degraded  and  disorganized  condition 
of  commerce,  and  thereby  proven  a  failure,  upon  the 
adoption  of  our  National  Constitution  in  1789,  there  was, 
among  the  States,  but  one  opinion  upon  this  question,  and 
that  was,  that  ''  Congress  should  alone  have  power  to  regu- 
late commerce  among  the  several  States."  From  this  seem- 
ingly general  and  apparently  indefinite  provision,  has  grown 
the  Government's  broad  assertion  of  power  and  its 
emphatic  enforcement,  over  the  navigable  waters  of  the 
United  States  as  it  exists  to-day.  The  powder  conferred  on 
Congress  to  regulate  commerce  among  the  States  has  been 
repeatedly  interpreted  by  the  Supreme  Court  to  mean  that, 
as  the  greater  always  includes  the  lesser,  this  power  includes 
navigation,  and  therefore  extends  to  the  navigable  waters 
whereon  commerce  is  carried.  The  full  realization  of  all 
that  was  contained  in  this  power  to  regulate  commerce 
among  the  several  States,  was  probably  never  anticipated 
by  those  who  framed  our  constitution,  and  its  application 
of  to-day  has  been  a  slow  evolution  of  policy  from  the  en- 
vironment of  circumstances  which  have  grown  up  around 
the  nation  in  the  first  century  of  its  life. 

Let  us  now  examine  the  early  condition  of  affairs  which 
surrounded  the  nation  upon  the  adoption  of  this  constitu- 
tional provision,  and  the  efforts  which  were  made  by  legis- 
lation to  regulate  commerce  among  the  States.  Prior  to  its 
adoption,  in  1789,  the  States  of  Rhode  Island,  Maryland 
and  Georgia  had  authorized  the  collection  of  a  tonnage  tax 


April,  1895.]  River  and  Harbor  Improvement,  257 

on  the  commerce  of  some  of  their  rivers,  and  the  revenue 
derived  from  this  tax  was  applied,  by  the  States,  to  the 
removal  of  wrecks  and  other  obstructions  to  navigation.  In 
1790,  Congress  officially  gave  its  consent  to  this  action  of 
the  States,  for  the  term  of  one  year.^  By  subsequent  legis- 
lative action,  this  consent  was  extended  yearly  for  some 
time.  In  1798,  a  similar  consent  was  given  to  the  action 
of  the  State  of  Massachusetts,  whereby  Tobias  Lord  had 
been  authorized  to  build  a  pier  at  the  mouth  of  the  Kenne. 
bunk  River,  and  collect  a  duty  on  vessels  using  the  pier.f 
In  1806,  Congress  gave  assent  to  our  State  legislation  which 
had  empowered  the  Port  Wardens  of  Philadelphia  to  col- 
lect a  duty  of  4  cents  per  ton  on  all  vessels  clearing  from 
this  port  for  any  foreign  place  whatever ;  the  moneys 
thereby  obtained  were  to  be  applied  to  improving  the  Dela- 
ware River.t 

Acts  of  this  kind  were  continued  down  to  1828,  and  then 
ceased.  After  1814  it  was  stipulated  in  these  Acts  that  this 
tonnage  duty  should  not  apply  to  vessels  propelled  by  steam 
and  employed  in  the  transportation  of  passengers.  To  the 
beginning  of  the  present  century  Congress  had,  except  by 
such  Acts  as  these,  manifested  no  tendency  to  enter  upon 
the  improvement  of  our  navigable  waters,  and  it  was  from 
these  feeble  efforts  of  the  States  to  help  themselves,  that 
our  present  policy  of  internal  improvements  has  arisen. 

At  the  beginning  of  this  century  Philadelphia,  with  its 
population  of  81,000,  was  the  most  populous  of  our  Ameri- 
can cities,  and  the  nation's  capital;  and  it  is  of  interest  to 
note  that  the  first  appropriation  ever  made  by  Congress  for 
the  improvement  of  waterways,  was  made  in  1802,  by  the 
appropriation  of  $30,000  for  the  erection  of  public  piers  in 
the  river  Delaware. ||  Since  that  date,  $7,000,000  has  been 
appropriated  for  works  of  improvement  in  the  harbor,  river 
and  bay. 

The  early  revenue  of  the  country  was  small,  and  after 

*  Act  of  August  II,  1790. 
t  Act  of  March  27,  1798. 
X  Act  of  February  28,  1806. 
II  Act  of  April  6,  1802. 
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providing  for  the  current  expenses  of  the  government,  there 
was  probably  no  balance  to  apply  to  other  purposes  ;  never, 
theless,  the  importance  of  developing  the  navigable  water- 
ways seemed  to  have  impressed  itself  upon  Congress,  and 
means  were  sought  to  accomplish  such  an  object.  In  18 19, 
Congress  provided  that  five  percent,  of  the  proceeds  derived 
from  the  sale  of  lands  in  the  territory  of  Alabama,  should 
be  reserved  and  applied  to  making  public  roads,  canals  and 
improving  the  navigation  of  rivers  in  that  territory.* 

The  paramount  importance  of  the  commerce  of  the  Dela- 
ware River  and  Bay  is  again  emphasized  by  the  appropria- 
tion, in  1822,  of  $22,700  for  the  beginning  of  two  piers  in 
Delaware  Bay,  near  Cape  Henlopen,  of  sufficient  dimensions 
for  a  harbor  ofrefuge.f  This  was  the  commencement  of  the 
Delaware  Breakwater,  the  first  of  its  kind  in  the  United 
States,  and  upon  which  work  has  been  in  progress  up  to  the 
present  time,  by  an  expenditure  of  $2,728,000. 

In  1824,  the  President  was  authorized  to  have  surveys  and 
estimates  made  of  such  roads,  canals  and  rivers  as  he 
might  deem  of  national  importance,  and  when  such  surveys 
were  finished,  to  report  the  results  to  Congress.  This  work 
was  completed  in  the  next  year,  and,  apparently  as  a  result, 
in  1825,  the  Secretary  of  the  Treasury  was  authorized  to 
subscribe,  in  the  name  of,  and  for  the  United  States,  to  1,500 
shares  of  the  capital  stock  of  the  Chesapeake  and  Delaware 
Canal  Company,  and  was  instructed  to  vote  on  these  shares 
in  the  name  of  the  United  States,  for  the  election  of  the 
officers  of  the  company.:j:  In  1626,  similar  subscriptions 
were  authorized  to  the  stock  of  the  Louisville  and  Portland 
and  to  the  Dismal  Swamp  Canal. ||  In  these  Acts,  again  we 
see  the  interest  of  Congress  in  internal  improvements  and 
its  desire,  by  co-operation  at  least,  to  stimulate  enterprise 
and  prosperity  through  the  development  of  navigable  high- 
ways. 

Although  since  1804,  as  we   have  seen,  small  appropria- 

*  Act  of  March  2,  1819. 

t  Act  of  May  7,  1822. 

X  Act  of  March  3,  1825. 

II  Act  of  March  13  and  iS,  1826. 
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tions  had  been  made,  from  time  to  time,  for  the  improve- 
ment of  navigation  at  a  few  points,  it  was  not  until  1826,  or 
during  the  administration  of  John  Quincy  Adams,  that  the 
first  approach  was  made  to  the  passage  of  a  river  and  har- 
bor bill,  aggregating  about  $1  50,000  and  applicable  to  about 
twenty  localities.*  (The  river  and  harbor  bill  of  1892  aggre- 
gated about  $22,000,000,  and  was  applied  to  425  localities, 
exclusive  of  surveys  and  examinations  at  145  localities.) 

From  1826  to  1838,  or  to  the  close  of  the  administration 
of  Andrew  Jackson,  Congress  continued  to  make  annual 
appropriations  for  the  improvement  of  a  number  of  rivers 
and  harbors,  expending,  during  this  interval,  about  $9,000, 
000.  While  the  number  of  works  for  which  appropriations 
were  made  was  not  large,  there  is,  nevertheless,  evidence  in 
these  bills  that  the  policy  of  improving  the  navigable 
waters  of  the  country  had  been  clearly  decided  upon,  and 
the  work  inaugurated  under  a  carefully-considered  and  well- 
devised  system. 

In  1 841,  Congress  provided  that  to  each  new  State  there- 
after admitted  to  the  Union,  500,000  acres  of  public  land 
should  be  set  aside,  the  proceeds  of  the  sale  of  which  was 
to  be  faithfully  applied  by  the  State  to  the  building  of 
bridges  and  the  improvement  of  roads,  canals  and  water- 
courses, over  which  the  United  States  should  have  the  right 
to  transport,  free  of  toll,  its  mails,  troops  and  munitions  of 
war.f 

After  what  seemed  to  be  the  inauguration  of  annual 
river  and  harbor  appropriations,  between  1826  and  1838,  we 
find,  after  the  latter  date,  a  change  in  public  policy,  extend- 
ing to  the  time  of  the  complete  re-establishment  of  the 
Union,  in  1866.  During  this  interval  of  about  twenty-six 
years,  only  three  regular  river  and  harbor  bills  were  passed, 
viz.:  in  1844,  1852  and  1864.  Appropriations  were  made  in 
the  other  years,  but  they  were  small  and  seem  to  have  been 
mainly  applied  to  a  few  localities,  and  there  to  the  repair 
and   maintenance   of    work   previously   commenced.      The 


*  Act  of  May  20,  1826. 

t  Act  of  September  4,  1841. 
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total  amount  appropriated,  during  this  interval  of  twenty- 
six  years,  was  only  $6,600,000,  or  about  70  per  cent,  of  the 
amount  appropriated  in  the  previous  thirteen  years,  from 
1826  to   1838. 

After  the  close  of  the  civil  war,  and  the  return  of  the 
country  to  peace  and  industrial  activity,  in  1866,  the  pent-up 
energ)^  of  our  resources  made  apparent  the  need  for  im- 
proved water  highways  and  their  accompanying  facilities, 
for  the  fuller  development  of  our  national  growth.  This 
era,  as  in  other  directions,  marks  a  new  departure  in  river 
and  harbor  improvement,  and  to  this  date,  may  properly  be 
assigned  the  beginning  of  a  policy,  which  has  since  steadily 
expanded  to  its  present  position.  The  importance  of  this 
period,  from  1866  to  the  present,  may  better  be  realized 
through  the  statement  that,  during  this  twenty-nine  years, 
about  94  per  cent,  of  all  moneys  for  river  and  harbor  im- 
provements have  been  appropriated. 

From  1866  to  1882  inclusive,  excepting  only  the  year 
1877,  annual  river  and  harbor  appropriations  were  made, 
usually  in  yearly-increasing  amounts.  From  1882  to  1894 
inclusive,  the  appropriations  for  the  regular  river  and 
harbor  bill  were  biennial,  and  passed  during  the  even  years, 
or  the  first  session  of  each  Congress.  By  the  river  and 
harbor  act  of  1890,  the  Secretary  of  War  was  authorized 
by  Congress  to  enter  into  contracts  for  the  entire  completion 
of  certain-named  important  improvements,  under  predeter- 
mined plans  and  estimates  of  cost,  and  to  be  carried  on 
under  such  contracts  as  Congress  shall,  from  time  to  time, 
make  appropriations  therefor.  Since  1890,  the  number  of 
works  placed  under  these  conditions  has  been,  from  time  to 
time,  increased,  until  at  the  present  they  number  eighteen, 
and  include  such  important  works  as  the  harbors  of  Gal- 
veston, Mobile,  Charleston,  Savannah,  Baltimore  and  Phila- 
deiphia;  Point  Judith  Breakwater,  Humboldt  Bay,  Hay 
Lake  Channel ;  and  the  rivers,  Hudson,  Great  Kanawha, 
Saint  Johns,  Mississippi,  Missouri,  Saint  Marys,  Columbia, 
and  channel  between  Chicago  and  Duluth. 

After  works  have  been  placed  by  Congress  under  the 
provisions   of    these    continuing   contracts,    appropriations 
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therefor  are  withdrawn  from  the  regular  river  and  harbor 
act,  and  thereafter  provision  is  made  for  them  by  appropri- 
ations contained  in  the  Sundry  Civil  Act,  which  is  annually 
passed  by  Congress  to  cover  liabilities  previously  author- 
ized, and  to  be  incurred  during  the  following  fiscal  year. 
The  appropriations  made  for  this  class  of  works,  since  their 
inauguration  in  1890,  is  $26,331,343.  The  aggregate  of 
these  two  classes  of  appropriations  constitutes  the  amount 
applicable  to  river  and  harbor  improvement,  although  pro- 
vided in  entirely  different  Acts.  It  is  believed  that  this 
method  of  carrying  on  important  works  of  improvement  by 
continuing  contracts,  has  resulted  in  marked  economy  to 
the  nation,  and  advantage  to  the  commercial  interests  in- 
volved ;  the  former,  arising  from  the  ability  of  the  govern- 
ment to  make  such  continuing  contracts  at  lower  rates  than 
would  obtain  under  the  other  methods  of  making  contracts 
for  the  expenditure  of  each  separate  appropriation ;  and  the 
latter,  by  giving  an  assurance  to  commercial  interests  of  the 
ultimate  and  earlier  completion  of  the  improvement.  The 
favor  with  which  this  method  of  providing  for  the  import- 
ant works  has  been  received,  leads  to  the  expectation  that 
it  will  eventually  be  adopted  upon  all  the  principal  works 
of  river  and  harbor  improvement. 


Year. 


1820 
1821 
1822 
1823 
1824 
1825 
1826 
1827 
1828 
1829 
1830 
1831 
1832 
1833 
1834 
1835 
1836 

1837 
1838 

i?39 
1840 
1841 
1842 

1843 
1844 


Amount  Ap- 

No of 

Year. 

propriated. 

Works. 

9.500 

2 

1845 

2,600 

2 

1846 

22,700 

I 

1847 

6,100 

2 

1848 

115,000 

3 

1849 

59,100 

3 

1S50 

155,400 

20 

1851 

160,400 

15 

1852 

640,100 

30 

1853 

339.800 

40 

1854 

357,200 

25 

1855 

633,600 

34 

1856 

699,300 

35 

1857 

540,900 

26 

1858- 

774,000 

33 

1859 

508,100 

25 

1 860 

1,157,200 

77 

1861 

1,366,700 

52 

1862 

1-535,500 

59 

1863 

45,600 

7 

1864 

1,100 

I 

1865 

156,900 

8 

1866 

187,000 

5 

1867 

277,200 

II 

t868 

722,600 

33 

1869 

Amount    Ap- 
propriated. 


65,700 

25,000 

14,900 

65,000 

25,500 

75,000 

30,000 

2,141,300 

51,800 

291,500 

221,800 

832,100 

75.800 

87,500 

65,800 

12,700 

160,000 

115,000 

121,900 

647,800 

373,000 

3,881,100 

4,922.300 

1,676,500 

2,300,000 


'  No.  of 
:  Works. 

Year. 

5 

1870 

1 

1871 

4 

1872 

2 

1873 

4 

1874 

2 

1875 

I 

1876 

103 

1877 

2 

1878 

5 

1879 

5      , 

1880 

8      1 

1881 

4       ' 

1882 

3 

1883 

3 

1884 

2 

1885 

3 

1886 

2 

1887 

2 

1888 

9 

1889 

4 

1890 

57 

1891 

66 

1892    1 

37 

1893    i 

50 

1894 

Amount  Ap- 
propriated. 


4,197,400 
5,374,500 
5,888,000 
7.353.000 
5,228,000 
6,648,500 
5,015,000 
1,000,000 
8,322,700 
9,577,5co 
8,976,500 
11,451,300 
18,988,900 

14,948,300 

14,464,900 

22,397,600 

25,i3'^,?oo 
2,951,200 
22,068,200 
14,166,200 
20,043,200 


No.  of 
Works. 


98 

116 
150 
140 
142 
i6r 

151 

I 

2l8 

254 
340 
372 
370 

316 
342 


436 

6 

435 

17 

408 
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The  preceding  table,  compiled  from  the  Acts  of  Congress, 
shows  the  amount  annually  appropriated,  from  1820  to  1884 
inclusive,  for  the  improvement  of  rivers  and  harbors,  and 
also  the  number  of  works,  or  localities,  for  which  the  appro- 
priations were  made. 

The  following  summary  of  appropriations  made  for  river 
and  harbor  improvements  by  decades,  from  1820  to  1894, 
will  probably  more  clearly  present  the  question  of  their 
growth  than  any  other  verbal  statement : 

Amount  appropriated  from  1820  to  1830 |i, 510,700 

"                   "                 "     1830  to  1840 7.618,100 

"                **     1840  to  1850 1,536,900 

•'                "     1850  to  i860 3,872,600 

**                   '*                "  i860  to  1870  .    .    .           ....  14,110,300 

"     1870  to  1880 58,604,600 

•*     1880  to  1890 91,227,600 

"                   '*                "     1890  to  1894 84,365,100 

Total 1262,845,900 

Or,  otherwise  expressed,  as  much  money  was  appropriated 
in  the  ten  years  between  i860  and  1870  as  had  been  appropri- 
ated in  the  previous  forty  years.  Between  1870  and  1880,  the 
amount  appropriated  was  more  than  twice  the  aggregate  of 
the  appropriations  for  the  previous  fifty  years  ;  while,  for  the 
ten  years,  from  1880  to  i8go,  the  appropriations  were  60  per 
cent,  more  than  those  of  the  previous  ten  years,  and  in 
excess  of  the  aggregate  for  the  previous  sixty  years.  From 
the  amount  already  appropriated  in  the  present  decade  and 
the  ratio  furnished  by  the  past,  it  seems  fair  to  assume  that, 
by  its  end,  the  appropriations  will  have  reached,  for  this 
decade,  fully  $200,000,000.  With  such  a  policy  applied  to 
such  possibilities  as  we  have,  who  can  say  what  the  next 
fifty  years  will  produce  in  their  feature  of  river  and  harbor 
improvements  ? 

The  planning  and  execution  of  these  works  of  river  and 
harbor  improvement  is  a  part  of  the  duty  of  the  Corps  of 
Engineers  of  the  Army,  which  is  practically  a  bureau  of 
the  War  Department,  of  which  the  Secretary  of  War  is  the 
head.  In  this  work  the  entire  country  is  divided  into  five 
divisions,  viz.:  the  Pacific,  Northwest,  Southwest,  Northeast 
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and  Southeast ;  and  over  each  is  placed  one  of  the  senior 
officers  of  the  Corps,  usually  with  the  rank  of  Colonel,  in 
the  capacity  of  Supervising  Engineer.  These  five  divisions 
are  further  subdivided  into  from  forty-five  to  fifty  districts, 
each  in  charge  of  an  officer  of  the  Corps,  and  generally 
known  as  the  local  Engineer-in-charge  of  river  and  harbor 
improvement.  The  official  head  of  the  Corps  is  the  Chief 
of  Engineers,  with  the  rank  of  Brigadier  General. 

Plans  and  projects  for  improvements,  with  estimates  of 
cost,  and  also  all  reports  upon  examinations  or  surveys 
called  for  by  Congress,  are  submitted  by  the  local  engineer 
of  each  district  to  the  Supervising  Engineer  of  the  division, 
by  whom  they  are  transmitted  to  the  Chief  of  Engineers, 
with  such  comments  as,  in  the  judgment  of  the  Supervising 
Engineer,  may  be  necessary.  At  least  once  in  each  year, 
the  Supervising  Engineer  visits  each  district  in  his  division 
and,  accompanied  by  the  local  Engineer-in-charge,  makes 
a  careful  inspection  of  all  works  in  progress. 

Upon  the  works  of  river  and  harbor  improvement  there 
are  now  engaged,  exclusive  of  the  Chief  of  Engineers, 
about  jj  officers,  with  the  following  rank,  viz.:  6  Colonels, 
9  Lieutenant-Colonels,  15  Majors,  18  Captains,  21  First 
Lieutenants  and  8  Second  Lieutenants.  The  Second  Lieu- 
tenants of  the  Corps,  after  being  graduated  from  a  four  years' 
course  at  West  Point,  are  assigned  to  a  post-graduate  course 
of  three  years  at  Willetts  Point.  This  course  is  essentially 
a  school  of  practise  under  the  tuition  of  officers  of  the 
Corps,  in  which  the  young  engineer  is  taught  to  co-ordinate 
his  theoretical  knowledge  with  its  practical  application  to 
the  arts  of  fortification,  defenses,  and  river  and  harbor 
improvements.  As  a  further  preparation  for  active  practise, 
he  is  often  subsequently  assigned  to  duty  under  a  senior 
officer  as  an  assistant  upon  constructive  works,  thereby 
passing  through  a  novitiate,  which  well  prepares  him  for  the 
active  practise  of  his  profession. 

The  administration  of  the  works  of  river  and  harbor  im- 
provement requires  the  employment  of  large  number  of 
civilians,  in  the  capacity  of  assistant  engineers,  surveyors 
and  draftsmen:  and  a  large  and  able  body  of  men  has  been 
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drawn  from  the  civil  engineers  of  the  country  to  fill  these 
positions.  To  supply  the  increasing  demand  for  such  ser- 
vice, nearly  all  of  our  engineering  schools  have  introduced 
into  their  courses,  instruction  relating  to  river  and  harbor 
improvement. 

The  method  of  carrying  on  these  river  and  harbor  im- 
provements at  the  present  time  may  be  summarized  as  fol- 
lows:  Congress  having  previously  made  appropriations  for 
works  in  certain  localities,  we  find  these  works  in  progress. 
At  the  close  of  each  fiscal  year,  the  local  engineer  of  a  dis- 
trict submits,  through  the  Supervising  Engineer  of  the  divi- 
sion, to  the  Chief  of  Engineers,  a  report  upon  each  work  in 
his  district,  embodying  statements  as  to  the  project  under 
which  the  improvement  has  been  carried  on,  details  of  work 
done,  with  recommendations  for  work  further  proposed 
under  the  project,  together  with  a  statement  of  the  amount 
of  money  which  can  profitably  be  expended  in  the  fiscal 
year  following  the  one  upon  which  he  is  entering. 

Upon  the  receipt  of  these  reports,  they  are  transmitted  to 
the  Secretary  of  War,  by  the  Chief  of  Engineers,  with  a 
report  on  each  work  containing  such  recommendations  as 
he  deems  proper,  and  with  a  statement  of  the  amount  of 
money  required  for  continuing  the  work  through  the  year 
for  which  appropriations  are  yet  to  be  made.  These  com- 
bined reports  are  then  submitted  to  Congress  by  the  Secre- 
tary of  War  as  a  part  of  his  annual  report. 

During  the  sessions  of  Congress,  these  reports  are  care- 
fully considered  by  a  committee  in  the  Senate  known  as  the 
'■Committee  on  Commerce,"  and  in  the  House,  as  the  ''Com- 
mittee on  Rivers  and  Harbors,"  and  a  bill,  denominated 
"An  act  making  appropriations  for  the  construction,  repair 
and  preservation  of  certain  public  works  on  rivers  and  har- 
bors and  for  other  purposes,"  is  finally  drawn  and  passed  by 
Congress,  and  approved,  or  otherwise,  by  the  President. 

This  bill  contains  specific  amounts  for  each  work  named, 
sundry  legislation  pertaining  to  navigable  waters,  such  as 
has  been  previously  alluded  to,  and  a  list  of  new  localities 
for  which  Congress  directs  preliminary  examinations  or  sur- 
veys to  be  made.     No  new  works  of  improvement  can  be 
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undertaken  until  an  appropriation  has  been  specifically 
made  therefor,  and  such  appropriations  cannot  be  made  until 
the  local  engineer  has  made  a  preliminary  examination,  and, 
together  with  the  division  engineer,  shall  have  reported  to 
the  Chief  of  Engineers  that  in  their  judgment  the  river, 
harbor,  or  locality,  under  examination,  is  worthy  of  improve- 
ment by  the  Government,  with  reasons  and  facts  for  such 
opinion,  and  the  present  and  prospective  demands  of  com- 
merce for  such  improvement:  and  further,  if  worthy  of 
improvement,  what  it  will  cost  to  make  a  survey  of  the  same, 
with  the  view  of  submitting  a  plan  for  its  improvement, 
with  an  estimate  of  the  cost  thereof.  The  Chief  of  Engi- 
neers is  required  to  submit  to  Congress,  through  the  Secre- 
tary of  War,  all  such  reports  of  the  preliminary  examination, 
together  with  his  views  thereon,  and  his  opinion  of  the 
public  necessity  or  convenience  to  be  subserved  by  the  pro- 
posed improvement. 

Should  the  river,  harbor  or  locality  have  sufficient  merit 
under  all  these  requirements  to  run  this  triple  gauntlet 
successfully.  Congress,  if  it  approves,  may  order  a  survey  to 
be  made,  the  results  of  which  are,  in  a  similar  manner,  trans- 
mitted to  Congress,  with  a  detailed  plan  of  improvement 
and  estimate  of  cost,  as  determined  from  such  a  survey. 
Should  this  survey  justify  the  previous  opinion  held  at  the 
time  of  the  preliminary  examination,  Congress  may,  at  its 
next  session,  make  an  appropriation  for  commencing  the 
improvement.  This  method  results  in  the  survival  of  the 
fittest,  and  prevents  the  expenditure  of  public  moneys  upon 
localities  that  have  no  merit  as  public  improvements. 

Having  briefly  followed  the  rise  and  progress  of  river  and 
harbor  appropriations,  and  the  method  of  their  application, 
let  us  turn  to  some  of  the  leading  principles  which  have 
been  developed  by  legislation  upon  the  subject  of  the  navi- 
gable waters  of  our  country. 

Although  the  policy  of  improving  our  navigable  waters 
by  government  appropriations  dates  back  to  nearly  the 
beginning  of  this  century,  there  was  until  lately  little,  if 
any,  legislation  by  which  the  right  of  the  Government  was 
claimed  to  conserve  and  control  its  navigable  waters.     Leg- 
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islation  of  this  class  has  been  enacted  mainly  during  the 
past  ten  years. 

The  legislation  which  is  of  most  interest  and  which  best 
illustrates  the  general  position  which  the  Government  has 
assumed  in  the  entire  question,  is  that  relating  to  its  broad 
denial  of  the  right  of  any  itidividual,  corporation  or  munici- 
pality, city  or  State,  to  in  any  manner  interfere  with  the  free 
and  safe  navigation  of  any  navigable  waters  of  the  United 
States,  without  the  consent  and  authority  of  the  Govern- 
ment. 

No  bridge  can  be  built  across,  or  abutments  placed  in, 
such  waters  prior  to  the  approval  by  the  Secretary  of  War, 
of  the  specific  plan  and  location  proposed  for  such  bridge.* 
This  supervision  regulates  the  length  of  fixed  spans,  the 
width  of  draw-span  openings,  the  clear  height  under  the 
bridge  and  the  position  of  the  abutments.  After  the  bridge 
is  completed,  the  same  authority  prescribes  rules  and  regu- 
lations governing  the  opening  of  any  draws  therein  for  the 
proper  passage  of  vessels,  and  imposes  heavy  fines  and  pen- 
alties for  their  infraction.f  Bridges  previously  built,  and 
which  are  found  to  obstruct  navigation,  are  required  to  be 
altered  upon  notice  by  the  Secretary  of  War,  so  as  to  render 
navigation  through  or  under  such  bridges  safe,  easy  and 
unobstructed.:}:  Any  bridge  which  presents  difficulties  to 
navigation,  or  to  passage  of  rafts  through  its  draw  or  raft- 
spans,  shall  be  provided  with  satisfactory  aids  to  the  pas- 
sage of  such  spans. II  In  the  matter  of  water,  gas  or  oil 
pipes,  laid  across  the  bed  of  any  navigable  waters,  these,  in 
like  manner,  are  subject  to  the  control  and  authority  of  the 
Secretary  of  War. 

The  Secretary  of  War  has  authority,  in  any  waters  which 
he  may  consider  it  desirable,  to  establish  harbor  lines, 
beyond  which  no  piers  or  wharves  shall  be  extended  or 
deposits  made,  except  under  such  regulations  as  he  may  pre- 
scribe from  time  to  time  ;  and  no  wharves,  piers  or  other  con- 

^  Acts  of  September  19,  1S90;  July  13,  1792. 
t  Act  of  August  18,  1894, 

±  Acts  of  August  II,  1888;  September  19,  1890. 
II  Acts  of  July  5,  1884;  August  11,  1888. 
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stnictions  can  be  placed  in  any  navigable  waters  where  such 
harbor  lines  have  not  been  established,  except  by  permission 
of  the  Secretary  of  War;*  all  structures  previously  placed, 
and  which  obstruct  or  impair  navigation  or  commerce,  are 
declared  by  the  Acts  of  Congress  to  be  unlawful  structures.! 
In  mining  districts,  deposits  or  debris  of  mines  or  stamp 
work,  can  only  be  deposited  in,  or  in  the  vicinity  of,  naviga- 
ble waters,  within  limits  to  be  prescribed  for  each  case.:}: 

So  jealously  is  this  exclusive  right  of  the  Government 
regarded  and  exercised,  that  any  alteration  or  modification 
of  the  natural  capacity  of  any  navigable  waters,  is  forbidden 
without  the  previous  authority  of  the  Secretary  of  War, 
even  though  such  alteration  or  modification  might  be  for 
the  absolute  improvement  of  the  waters. || 

Any  wreck,  sunken  vessel  or  cargo,  which  for  the  period 
of  sixty  days  has  been  permitted  by  its  owners  to  obstruct 
or  endanger  navigation,  can  be  destroyed  and  removed  by 
the  Government,  and  the  owmer  thereof  will  have  no  claim 
for  damages  arising  from  the  destruction  of  such  wreck, 
vessel  or  cargo.  Should  any  parts  of  the  vessel  or  cargo, 
after  being  removed,  have  any  salable  value,  the  amounts 
derived  therefrom  are  turned  into  the  treasur}^  of  the  United 
States.§ 

The  constructive  works  of  improvement  are  guarded 
with  as  much  care  as  the  waters  in  which  they  are  placed ; 
and  by  the  Acts  of  Congress  it  is  made  unlawful  for  any 
person  to  build  upon,  alter,  injure,  or  in  any  manner  impair, 
the  usefulness  of  any  sea-wall,  bulkhead,  jetty,  dike,  levee 
or  other  construction  ;  or  to  remove  or  change  any  boundary 
mark,  gauge,  sur\^eying  station,  buoy  or  other  established 
marks  of  the  United  States.*^  Where  the  Government 
requires  material  for  constructive  purposes  upon  its  public 
works,  it  mav  take  such  material  from  bars  and  islands,  or 


*  Acts  of  August  If,  18SS;  September  19,  1890. 

t  Acts  of  September  19,  1890;  July  13,  1892. 

%  Act  of  August  5,  1886. 

|l  Acts  of  September  19,  1890;  July  13,  1892. 

I  Acts  of  Juue  14,  iSSo  ;  August  2,  1882  ;  September  19,  1S90. 

\  Act  of  September  19,  1890. 
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other  localities  adjacent  to  such  works,  upon  the  payment 
of  a  fair  compensation  to  the  owners  of  such  material.* 

In  the  improvement  of  any  navigable  waters,  the  Govern- 
ment may  close  subsidiary  channels,  or  in  any  manner  con- 
sidered necessary  for  accomplishing  the  desired  improve- 
ment, divert  the  natural  channel  into  new  positions;  and 
channels,  or  areas  behind  islands  or  bars,  may  be  filled  up. 
For  any  injury  which  may  result  to  riparian  owners  from 
such  diversion  of  the  natural  channel,  or  filling  of  channels 
and  areas,  there  is  no  recourse  at  law ;  and  his  injuries,  if 
any  exist,  belong  to  the  class  denominated  ''damnum  absque 
injuria^'  or  damage  without  responsibility.  For  any  land  or 
other  property  which  may  be  required  to  carry  into  effect 
desired  improvements,  the  Government  can,  if  it  desires, 
exercise  the  right  of  eminent  domain,  and  so  acquire  title 
by  condemnation  proceedings. 

This  now  declared  and  fully  exercised  right  of  the 
Government  to  conserve  and  control  the  navigable  waters 
of  the  country,  has  been  mainly  brought  about  through  the 
legislation  of  the  last  ten  years ;  and,  though  so  long 
delayed  in  its  application,  was  nevertheless,  all  latent  in 
that  provision  of  the  Constitution  which  gave  Congress 
"  the  right  to  regulate  commerce  among  the  States."  When 
we  revert  to  the  earlier  position  of  the  Government  upon 
these  questions,  and  note  in  the  beginning  its  feeble  appli- 
cation of  inherent  rights,  the  contrast  between  the  past  and 
present  becomes  very  marked,  and  the  progress  toward 
absolute  control  very  decided. 

With  the  grand  possibilities  which  are  inherent  in  our 
waterways  as  a  basis,  with  a  policy  so  evidently  directed  to 
the  full  utilization  of  these  possibilities,  and  with  the  best 
professional  ability  in  the  world  to  execute,  there  is  every 
reason  to  anticipate  that  the  near  future  will  give  this 
country  a  system  of  river  and  harbor  improvements  which 
will  be  the  most  extensive  and  complete  in  the  world,  and 
fully  commensurate  with  our  wonderful  development  along 
all  other  lines  of  national  progress. 

*  Acts  of  July  5,  1884  ;  April  24,  i 
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There  is  another  consideration  connected  with  this  sub- 
ject that  demands  passing  attention,  and  which  has  had  and 
will  continue  to  have,  a  strong  bearing  upon  the  question  of 
river  and  harbor  improvement.  While  these  improvements 
have  been  in  progress  during  the  past  thirty  years,  there 
has  been  a  constantly-increasing  demand  for  greater  chan- 
nel depths  and  widths,  arising  from  the  changes  which  have 
ensued  in  vessel  building  and  the  increased  draft  of  such 
vessels.  In  1858,  when  the  (then)  phenomenal  Great  Eastern 
was  launched  as  the  wonder  of  the  world,  she  had  a  draft  of 
twenty-five  feet,  and  but  one  harbor  in  the  United  States, 
that  of  Portland,  Me.,  had  sufficient  depth  over  its  entrance 
bar  at  low  tide  to  safely  admit  the  giant.  A  few  wrecks 
ago  many  of  my  auditors  may  have  witnessed  the  launch 
of  the  steamship  St.  Louis,  with  a  loaded  draft  of  twenty- 
seven  feet,  from  Cramp's  ship  yards  on  the  Delaware,  and 
beyond  passing  notice  and  the  feeling  of  justifiable  pride 
over  the  success  of  Philadelphia's  enterprising  ship  biiild- 
ers,  the  event  was  almost  unnoticed. 

Thirty  years  ago  the  dimensions  and  draft  of  ocean 
vessels  was  such  that  our  great  seaports  of  Boston,  New 
York,  Philadelphia,  Baltimore,  Norfolk,  Charleston,  Savan- 
nah and  New  Orleans,  only  required  an  entrance  depth  to 
their  harbors  of  from  eighteen  to  twenty-two  feet  at  low 
water.  To-day,  ocean  commerce  demands  depths  in  our 
channels  and  harbors  of  from  thirty  to  thirty-five  feet  to 
meet  the  requirements  of  the  modern  ship's  draft,  and  there 
is  no  reason  to  anticipate  that  the  maximum  requirements 
of  channel  and  harbor  depths  have  been  reached. 

The  difficulties  which  confront  the  engineer,  as  well  as 
the  cost  of  the  improvement,  are  increased  far  beyond  the 
simple  ratio  of  the  increased  requirements  for  the  greater 
depths.  Since  in  the  past,  our  American  engineers  have  so 
successfully  met  and  overcome  the  obstacles  of  Nature  in 
our  great  water  highways,  as  well  as  the  larger  demands  upon 
their  skill  arising  from  increasing  requirements,  so,  in  the 
future,  we  may  feel  assured  that  with  enlarged  experience 
and  added  resources  they  will  ever  stand  well  ahead  of  all 
demands  upon  their  professional  skill. 
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Time,  and  the  proper  limits  of  my  subject,  forbid  any 
account  of  the  works  of  river  and  harbor  improvement 
which  have  already  been  accomplished  by  the  application  of 
moneys  appropriated  and  the  engineering  skill  which  has 
been  applied.  Without  invidious  comparison  with  other 
and  less  prominent  works,  but  which  demanded  no  less  care 
and  skill,  may  be  mentioned  the  improvements  already 
accomplished  in  New  York  harbor  by  the  removal  of  Ged- 
ney's  channel  bar  and  the  rocky  reefs  at  Hell  Gate  ;  the 
Delaware  River,  with  the  Breakwater  at  one  end  and  Phila- 
delphia harbor  at  the  other,  with  a  large  number  of  interme- 
diate points ;  the  harbors  of  Baltimore,  Savannah,  Charles- 
ton, Mobile  and  Galveston ;  the  rivers  Hudson,  Great 
Kanawa,  Tennessee,  Cumberland,  Ohio,  Mississippi,  Mis- 
souri and  Columbia,  and  the  great  works  in  the  Sault  Ste. 
Mary. 

When  a  comparison  is  made  between  such  works,  and 
those  undertaken  or  executed  abroad  by  European  engi- 
neers, we  have  every  reason  to  turn  with  pride  and  satisfac- 
tion to  our  own  results,  and  are  justified  in  the  claim  that 
our  own  land  not  only  furnishes  many  examples  of  the  best 
modern  practise  and  success,  but  equally,  that  our  American 
engineers,  if  not  already  leaders,  are  at  least  the  peers  of 
their  European  brethren. 

As  population  increases,  better  facilities  must  be  fur- 
nished for  water  transportation ;  results  already  accom- 
plished must  be  expanded,  and  still  other  new  works  of 
river  and  harbor  improvement  undertaken ;  and  as  new 
centres  of  population  arise  and  expand,  there  must  be  a 
corresponding  expansion  of  their  commercial  facilities.  The 
possible  demands  of  the  future  point  toward  a  development 
of  our  present  system  of  river  and  harbor  improvement 
into  something  almost  beyond  suggestion. 

Nationally,  our  development  and  progress  have  been  so 
rapid  in  all  directions  as  to  be  phenomenal,  and  so  many 
evidences  of  this  progress  lie  around  us,  that  we  naturally 
fail  to  note,  except  that  which  is  nearest  and  which  affects 
our  personal  environment.  The  subject  which  has  been 
presented  to  you  this  evening  may  be  one  of  the   more 
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remote  and  obscured  evidences  of  our  progress,  but, 
nevertheless,  I  feel  assured  that  the  rise  and  progress  of 
river  and  harbor  improvement  is  entitled  to  a  place  among 
the  witnesses  which  are  testifying  to  our  national  develop- 
ment. 


The  natural   SODA    DEPOSITS   of  the  UNITED 

STATES.^ 


By  Dr.   Thos.   M.   Chatard. 


The   lecturer  was  introduced  by  Dr.    Samuel  P.  Sadtler, 
Professor  of  Chemistry  in  the  Institute,  and  spoke  as  fol- 
lows : 
Members  of  the  Institute,  Ladies  and  Gentlemen  : 

Natural  soda  is  the  residue  obtained  by  the  evaporation 
of  natural  alkaline  waters  without  the  aid  of  artificial  heat. 
It  is  composed  of  sodium  carbonate  and  bicarbonate  in 
varying  proportions,  mixed  with  impurities,  mainly  sodium 
chloride  and  sulphate.  It  is  found  to  some  extent  in  all 
dry  regions,  such  as  Hungary,  Egypt  and  the  deserts  of 
Africa  and  Asia ;  but  Nature  has  been  especially  bountiful 
to  the  United  States  in  giving  us  a  most  valuable  source  of 
national  wealth  in  the  despised  and  detested  "  alkali  dust " 
and  "  alkali  water  "  of  the  Great  Basin. 

In  its  crude  condition  natural  soda  has  been  collected 
and  utilized  from  the  earliest  times;  but  until  its  nature  had 
been  studied  and  proper  methods  of  purification  devised,  the 
alkaline  carbonates  contained  in  it  could  not  be  obtained 
sufficiently  pure  and  cheap  to  compete  with  the  artificial 
product.  Now  that  the  technology  of  natural  soda  is  fairly 
well  understood,  we  may  expect  that  the  attention  of  capital 
will  be  drawn  to  the  possibilities  of  this  industry,  the  slender 
beginnings  of  which  may  be  seen  at  a  few  places  in  the 
West. 

The  ancient  Egyptians,  who  seem  to  have  known  every- 

*  A  lecture  delivered  before  the  Franklin  Institute,  February  23,  1894. 
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thing-  that  was  knowable  in  their  time,  made  much  use  of  a 
substance  which  they  called  **  neter." 

The  Bible  describes  "neter"  as  a  solid  substance,  having 
cleansing  properties,  and  as  effervescing  with  vinegar. 
This  was  obtained  from  certain  lakes  and  pools  in  the  Egyp- 
tian deserts,  and  became  at  a  very  early  date  an  important 
article  of  commerce. 

The  myth  of  the  discovery  of  glass  is  interesting  to 
relate  at  this  point:  Some  Phoenician  sailors,  landing  on  a 
sandy  shore,  could  find  no  stones  large  enough  to  support 
their  cooking  pots,  and  were  compelled  to  use  some  lumps 
of  the  ''  neter  "  which  formed  a  part  of  their  cargo.  The 
next  morning  they  found  that  the  heat  of  the  fire  had 
melted  the  '*  neter,"  which,  fusing  with  the  sand  of  the 
shore,  had  formed  a  glass.  Of  course,  a  true  glass  could 
hardly  be  formed  in  this  way,  as  vitrification  requires  a  high 
degree  of  heat,  but  the  alkaline  silicate  thus  produced  is  to- 
day used  in  large  quantities  and  for  many  purposes. 

The  Greeks,  becoming  acquainted  with  this  "neter," 
called  it  "nitron,"  and  the  Romans  Latinized  this  to  "nitrum." 
From  the  Latin  is  derived  our  English  word  "  nitre,"  which  we 
apply  to  an  altogether  different  class  of  salts — the  nitrates 
— and  especially  to  the  potassium  nitrate,  or  saltpetre. 
Saltpetre,  indeed,  being  a  natural  product  and  similar  in 
appearance,  was  generally  confounded  with  the  true 
"  nitrum  "  or  crude  natural  alkaline  carbonate,  and  the  dis- 
tinction between  them  appears  first  to  have  been  made  by 
the  Arabs,  who  introduced  the  words  "natron,"  "kali  "  or 
"  alkali,"  and  even  "  soda."  From  "  natron "  we  get  the 
word  "  natrona,"  and  also  the  name  "  trona,"  usually  given 
to  the  natural  carbonate. 

It  must  be  remembered  that,  until  the  invention  of  gun- 
powder, there  was  no  special  demand  for  nitrates,  while 
the  need  of  cleansing  materials,  not  only  for  domestic  pur- 
poses, but  also  for  the  elaborate  religious  ceremonies  of  the 
ancients,  made  the  preparation  of  some  sort  of  soap  a  neces- 
sity of  the  earliest  civilization.  We  need  not  be  surprised 
to  find  that  chemistry  had  its  beginning  in  the  collection, 
preparation  and  use  of  the  "  neter,"  or,  as  we  now  call  it, 
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•*  natural  soda."     Moreover,  the  human  race  is   supposed  to 
have  originated  in  Mesopotamia,  while  the  earliest  records 
of  civilization  are  to  be  found  among  the  Egyptians.     Now, 
all  these  regions  are  arid  in  their  climate  and  throughout 
their  extent  we  find  occurrences  of  natural  soda.     A  knowl- 
edge   of    its    properties    and    uses   must   have   been   early 
acquired,  and  must  have   accompanied  the   tribes  in   their 
subsequent   wanderings.       That   wood   ashes    had   similar 
properties  would  also  be  naturally  discovered,  and  in  time 
the  value  of  the  ashes  of  other  plants,  which  of  themselves 
are  not  especially  valuable  as  fuel,  would  lead  to  the  pro- 
duction of  those  crude  alkaline  carbonates  which,  under  the 
names  of  ''  rocheta,"  '' salicor,"  "  varec,"  " kelp "  and  "barilla," 
have   held    their  place   in   commerce    almost  down  to   the 
present  day.     The  supply  of    such  crude  ashes  is  always 
uncertain,  and  their  composition  continually  varies ;  hence, 
they  have  gradually  been  supplanted  by  the  artificial  alka- 
lies, as  these  became  purer  and  cheaper  through  the  develop- 
ment of  the  Leblanc  soda  process. 

We  now  come  to  an  interesting  case  of  the  struggle  for 
existence  and  survival  of  the  fittest,  exemplified  by  the 
history  of  the  alkali  trade.  As  our  time  is  short,  we  cannot 
stop  to  consider  the  processes  of  artificial  soda-making, 
further  than  to  say  that  the  great  development  of  manufac- 
tures during  the  latter  part  of  the  last  century,  through  the 
invention  of  machinery  for  spinning,  weaving,  etc.,  caused 
an  enormous  increase  in  the  demand  for  alkalies,  while  at 
the  same  time  the  progress  of  civilization  was  tending  to 
decrease  the  supply  of  the  crude  natural  ashes.  Under 
these  conditions  the  price  of  crystal  soda,  which,  at  present, 
is  about  $15  a  ton,  was,  in  1809,  over  $350  ;  kelp,  containing 
only  three  per  cent,  of  soda,  selling  at  the  same  time  for  $55 
a  ton  (Lunge,  Vol.  II,  p.  297). 

These  high  prices  stimulated  chemical  research,  particu- 
larly as  it  was  already  well  known,  though  no  manufactur- 
ing process  had  yet  been  devised,  that  soda  could  be  made 
from  cornmon  salt.  Much  money  and  the  time  of  many  men 
were  expended  upon  this  problem.  The  glory  of  the  suc- 
cessful solution  of  the  problem,  is  due  to  the  man  who,  as 
Vol.  CXXXIX.     No.  832.  18 
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Professor  Lunge  says,  "  is  probably  the  most  celebrated  name 
in  chemical  technolog-y  " — Nicholas  Lei^lanc.  On  Septem- 
ber 25,  1 791,  Leblanc  obtained  a  patent  in  which  his  process  is 
plainly  set  forth,  and  its  essential  features  have  remained 
unchanged  up  to  the  present  time.  These  are :  the  treat- 
ment of  common  salt  with  sulphuric  acid,  producing  Na2S04 
and  HCl ;  in  the  fusion  of  the  sulphate  with  coal  and  CaCOa, 
producing  black  ash ;  the  leaching  of  the  black  ash  and  the 
extraction  of  the  alkali  thus  formed. 

Leblanc  was  ruined  by  the  French  Revolution,  and,  be- 
coming insane,  committed  suicide  in  1806.  The  success  of 
his  process,  however,  had  been  established,  and  its  opera- 
tion steadily  extended.  A  great  increase  in  the  chemical 
industry  of  Great  Britain  followed  as  the  result  of  the  aboli- 
tion of  the  salt  tax.  In  1823,  this  tax  amounted  to  the 
enormous  rate  of  ^^30  or  $150  per  ton,  but  was  then  greatly 
reduced,  and  entirely  abolished  in  1825.  England  at  once 
took  the  lead  in  chemical  industry,  which,  in  many  depart- 
ments, she  has  maintained  until  now. 

Within  the  past  twenty  years,  the  ammonia-soda  process, 
as  developed  by  Solvay  and  others,  has  become  a  sharp 
competitor  of  the  Leblanc  process.  In  the  ammonia-soda 
process,  a  strong  solution  of  common  salt  is  treated  with 
ammonia  and  carbonic  acid  ;  sodium  bi-carbonate  is  formed, 
and,  being  comparatively  insoluble,  precipitates  and  is  fil- 
tered off.  The  ammonia  is  recovered  from  the  filtrate,  the 
whole  of  the  chlorine  of  the  salt  being  lost  as  calcium 
chloride.  It  is  this  loss  that  prevents  this  process  from 
completely  superseding  all  others.  The  Leblanc  process 
only  exists  because  it  can  utilize  this  chlorine,  in  the  form 
of  bleaching  powder,  chlorates,  etc.  As  soon  as  the  chlorine 
of  the  ammonia  process  can  be  recovered  in  an  economical 
manner,  the  Leblanc  process  must  disappear,  and  it  seems 
that  this  must  soon  be  accomplished. 

But,  in  the  moment  of  its  triumph,  the  ammonia  process 
is  threatened  with  new  and  younger  opponents.  One  is  the 
electrolytic  method  of  decomposing  common  salt ;  the  other 
the  natural  soda,  which  is  the  subject  of  this  evening's 
lecture.     What,  in  the  opinion   of  experts,  is  likely  to  be 


April,  1S95.]  Natural  Soda  Deposits.  275 

the  effect  upon  the  alkali  trade,  of  these  new  sources  of 
production,  can  be  shown  by  a  quotation  from  a  paper,  by 
that  eminent  authority,  Professor  Lunge,  of  Zurich,  entitled 
"The  Progress  of  Chemical  Industry  in  Europe  in  1892," 
and  published  in  "The  ^lineral  Industry  for  1892." 

Speaking  of  the  struggle  between  the  Leblanc  and  am- 
monia-soda processes,  and  the  reported  success  in  utilizing 
the  chlorine  of  the  latter,  he  says : 

"  Supposing,  however,  that  the  Leblanc  people  are  not 
to  be  killed  bv  the  blow  threateninor  from  that  side,  their 
doom  is  evidently  sealed  in  another  direction.  After  a  long 
series  of  failures,  some  of  the  processes  for  making  chlo- 
rine by  electricity  now  seem  to  be  securely  established. 
We  shall  not  discuss  the  question,  which  of  them  may  be 
the  best  in  the  field ;  but  it  is  certain  that  in  some  quarters 
all  difficulties  have  been  finally  overcome,  and  that  all  other 
old  or  new  chlorine  processes  will  soon  be  out  of  favor. 
We  poor  Europeans  may  well  tremble,  as  we  think  of  the 
enormous  advantages  for  all  applications  of  electricity 
enjoyed  by  the  United  States,  with  their  unbounded  water- 
power,  coal  fields  and  oil  wells,  not  to  speak  of  natural  gas. 
In  all  human  probability,  they  will  soon  cease  to  be  im- 
porters, and  may  even  become  exporters,  of  bleaching- 
powder. 

"  The  electrical  processes  are  certainly  far  greater  sources 
of  chlorine  than  of  alkali.  They  produce  from  common 
salt,  for  every  ton  of  bleaching-powder,  only  half  a  ton  of 
soda  ash,  or  one-third  of  a  ton  of  caustic  soda.  The  biilk 
of  the  alkali  must,  therefore,  be  supplied  from  other  sources, 
undoubtedlv  at  first  in  the  form  of  ammonia-soda.  But 
here,  again,  the  mineral  wealth  of  the  United  States  is 
evidently  destined  to  prove  fatal  to  the  old  processes. 
There  can  be  no  doubt  that  the  immense  quantities  of  nat- 
ural soda,  shown  to  exist  in  the  Californian  and  other  soda 
lakes,  will  not  be  allowed  to  lie  dormant  any  longer.  If 
those  lakes  are  once  worked  with  the  energy  which  is  other- 
wise not  wanting  in  America,  the  days  are  numbered  when 
Liverpool  soda  will  rule  in  the  New  York  market." 

Strong  as  this  statement  is,  there  is  no  reason  to  doubt 
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its  correctness.  When  that  day  comes ;  when  the  natural 
soda  of  the  United  States  shall  have  conquered  a  dominat- 
ing position  in  the  markets  of  this  country,  Nature  will 
have  avenged  the  defeat  which  she  met  with,  when  the 
barilla  and  kelp  industries  were  killed  by  the  art  of  man. 
The  result  will  be  far-reaching,  and  will  work  a  complete 
revolution  in  chemical  industry;  for  this,  in  great  part,  is 
based  upon  the  manufacture  of  alkali,  with  its  numerous 
ramifications,  each  having  its  special  products.  The  salt, 
sulphur  and  ammonia  trades  will  undergo  important  modi- 
fications, and,  while  some  forms  of  industry  may  disappear, 
others  will  take  their  places. 

The  chemical  industry  of  the  United  States,  except  in 
the  line  of  drugs  and  fine  chemicals,  has  not  been  devel- 
oped, in  volume  or  variety  of  products,  to  the  extent  war- 
ranted either  by  our  natural  resources,  or  by  the  ability  and 
enterprise  shown  by  the  Americans  in  other  branches  of 
manufacture. 

The  large  demand  for  sulphuric  acid  in  the  fertilizer  and 
oil-refining  trades,  could,  of  course,  be  met  by  home  pro- 
duction only,  since  transportation  of  such  material  from 
abroad  is  practically  impossible.  The  sodium  sulphate^ 
obtained  from  the  nitre-cake  of  the  sulphuric  acid  works 
and  from  the  salt-cake  of  the  muriatic  acid  makers,  is  util- 
ized for  glass-making,  most  domestic  attempts  to  convert  it 
into  alkali  by  the  Leblanc  method  having  apparently  failed 
of  commercial  success.  Almost  all  of  our  demands  for 
alkali,  and  practically  all  of  our  needs  for  bleaching-powder, 
chlorates,  and  the  other  products  of  the  Leblanc  process, 
have  been  met  by  importation  from  abroad. 

The  Pennsylvania  Salt  Company  has,  by  the  use  of  cryo- 
lite, been  an  extensive  manufacturer  of  soda  for  many 
years,  while,  about  ten  years  ago,  the  Solvay  Process  Com- 
pany established  its  works  at  Syracuse,  N.  Y.,  and  has 
developed  a  large  business.  Other  forms  of  the  ammonia- 
soda  processes  are  beginning,  or  preparing  to  begin,  to 
share,  the  field ;  and  it  is  likely  that  before  long  the  home 
demand  for  alkali  can  iSe  met  by  ourselves,  even  if  no  use  is 
made  of  the  natural  soda,  of  whose  great  future  Professor 
Lunge  speaks  so  decidedly. 
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Now,  without  trenching  upon  matters  of  private  business, 
I  can  say  that  there  is  every  prospect  that  before  long 
arrangements  will  be  perfected  by  which  very  extensive 
operations  for  the  development  of  our  natural  soda  will  be 
started.  If  some  former  plans  to  this  end  have  miscarried, 
it  has  not  been  because  of  any  uncertainty  as  to  the  nature 
or  extent  of  the  supply,  or  because  of  any  great  technical 
difficulties  in  the  manufacture  of  the  market  products.  All 
of  these  matters  have  long  since  been  settled,  but  capital  is 
naturally  conservative  and  is  reluctant  to  enter  upon  new 
paths,  particularly  when  the  quantities  to  be  dealt  with  are 
so  enormous.  The  figures  which  I  shall  give  you  may 
sound  almost  extravagant,  but  be  assured  that  they  are 
much  short  of  the  truth  ;  and  now,  without  further  delay,  I 
shall  give  you  some  idea  of  a  small  part  of  our  natural 
wealth. 

From  the  remotest  times  of  antiquity,  the  people  of 
Eg3^pt  have  used  the  salts  gathered  from  a  number  of  small 
lakes  which  are  situated  in  the  desert  of  St.  Macarius,  about 
sixty  miles  northwest  from  Cairo  and  about  thirty-six  miles 
from  the  Nile.  According  to  Sickenberger,  who  lately 
examined  this  locality  for  the  Egyptian  Government,  these 
lakes  are  sixteen  in  number,  but  only  one  is  now  worked  for 
the  salt.  The  surface  of  these  lakes  varies  with  the  season, 
being  lowest  when  the  Nile  is  high,  and  highest  when  the 
river  is  low.  This  shows  that  the  lakes  are  fed  by  the  infil- 
tration of  the  river  water,  which  naturally  takes  a  consider- 
able time  to  pass  over  the  intervening  distance.  The  soil 
of  the  surrounding  country  is  composed  of  alternating 
layers  of  limestone,  ferriferous  clay  and  calcareous  sand- 
stone ;  and  in  the  clay  are  many  crystals  of  gypsum  and 
rock-salt,  sometimes  aggregated  into  layers.  The  water  of 
the  lakes  contains  sodium  chloride,  sulphate  and  carbonate 
in  varying  proportions  ;  and,  by  spontaneous  crystallization, 
a  product  is  obtained  which  contains  as  much  as  sixty  per 
cent,  of  sodium  carbonate. 

These  lakes,  being  so  long  known,  have  frequently  been 
visited  and  investigated  by  scientific  travelers,  and  many 
hypotheses  as  to  the  mode  of  origin  of  the  alkali  have  been 


278  Chatard:  [J.  F.  I., 

offered.  Our  time  will  only  allow  us  to  touch  very  briefly 
upon  this  matter;  but  a  few  words,  at  this  point,  will  better 
enable  us  to  appreciate  the  causes  of  the  existence  of  our 
western  alkali. 

It  must  be  understood  that  the  soil  around  these  lakes 
does  not  show  the  presence  of  alkali  to  any  appreciable 
extent.  Now,  it  has  long  been  known  that  if  a  mixture  of 
common  salt  (or  sodium  chloride),  gypsum  (or  calcium  sul- 
phate) and  limestone  (or  calcium  carbonate)  is  moistened 
and  exposed  to  the  action  of  the  air,  the  mass,  which  is  at 
first  neutral,  soon  begins  to  show  an  alkaline  reaction  on 
account  of  the  formation  of  sodium  carbonate,  so  that  in 
time  this  new  substance  can  be  extracted  from  the  mass  by 
leaching.  Until  Sickenberger's  visit,  it  had  been  supposed 
that  the  soda  found  in  the  lakes  was  formed  in  the  soil  in 
the  manner  just  described,  leached  out  by  the  water  and 
thus  conveyed  to  the  lakes.  He  made  the  remarkable  obser- 
vation, however,  that  the  water  of  the  springs  which  feed 
the  lakes  is  perfectly  neutral,  showing  large  amounts  of 
sodium  sulphate,  but  no  carbonate.  As  soon,  however,  as 
the  spring  water  reaches  the  surface  and  comes  in  contact 
with  plant-life,  the  sulphate  begins  to  decompose,  giving  off 
sulphuretted  hydrogen,  and  being  converted  into  sodium 
carbonate,  the  water  becoming  alkaline  in  reaction.  As  the 
lakes  have  no  outlet,  the  inflowing  water  has  no  means  of 
escape  except  by  evaporation,  leaving  its  salts  behind ; 
hence,  the  amount  of  carbonate  in  the  lakes  is  continually 
increasing  and  the  annual  crops  never  fail. 

While  this  is  a  very  typical  case  of  one  mode  of  formation, 
there  is  another  which  is  probably  even  more  important. 
The  existence  of  springs  carrying  sodium  carbonate  is  well 
known,  since  many  of  them  have  a  world-wide  reputation  for 
their  medicinal  qualities.  Although  most  of  them  are  weak 
solutions,  a  comparison  of  their  compositions  with  those  o^ 
the  waters  to  be  described  will  show  that,  by  evaporation,  they 
would  yield  a  very  pure  natural  soda.  The  sodium  carbonate 
in  such  springs  is  produced  by  decomposition  of  the  alkali- 
bearing  rocks  through  which  the  water  flows,  and  this 
decomposition  is  brought  about  by  the  combined  action  of 
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air   aud    moisture,   aided   in   many   instances  by  heat  and 
pressure. 

The  air  absorbed  by  water  contains  a  much  larger  pro- 
portion of  oxyoren  and  carbonic  acid  than  the  normal  atmos- 
phere. The  composition  of  these  dissolved  gases  may  be 
taken  as — 

nitrogen,  79*00  per  cent.;  oxygen,  20*95  per  cent; 
carbonic  acid,  0*04  per  cent., 
while,  according  to  Bunsen,  the  air  absorbed  by  water  at 
15°  C.  (60°  F.),  contains— 

nitrogen,  63'62  per  cent.;  oxygen,  34*12  per  cent.; 
carbonic  acid,  2*26  per  cent. 

The  alkali-bearing  minerals  are  generally  silicates,  hav- 
ing for  bases  ferrous  or  ferric  oxide,  alumina,  lime,  magne- 
sia, soda  and  potash,  in  proportions  varying  according  to  the 
character  of  the  mineral.  By  the  action  of  water,  contain- 
ing CO2,  upon  such  minerals,  the  alkalies  and  alkaline-earths 
are  converted  into  carbonates  and  dissolved  in  the  carbon- 
ated water.  Hence,  they  are  leached  out  of  the  residue, 
w^hich  is  rendered  the  more  porous  by  the  decomposition, 
and  if  the  water  so  charged  does  not,  on  its  way  to  the  surface, 
meet  with  the  chlorides  or  sulphates  of  other  metals,  which, 
by  double  decomposition,  would  produce  alkaline  chlorides, 
or  sulphates,  and  non-alkaline  carbonates,  then  the  alkaline 
carbonates  make  their  appearance  as  constituents  of  a  min- 
eral spring.  In  such  springs  the  salts  of  sodium  are  usually 
in  much  greater  proportion  than  those  of  potassium,  not  only 
because  the  soda  minerals  are  in  general  more  easily  decom- 
posable, but  also  because  soils  have  a  strong  tendency  to 
take  up  and  retain  potash  salts  from  water  percolating 
through  them,  while  readily  giving  up  any  soda  salts  which 
they  may  contain. 

If  such  spring  or  drainage  waters  flow  into  basins  with- 
out outlet,  and  the  rate  of  evaporation  equals  the  inflow,  a 
concentrated  solution  gradually  results,  and,  if  the  inflow 
be  interrupted,  we  shall,  in  time,  have  a  ^ry  basin  in  which 
the  salts  have  deposited  as  a  crystalline  mass.  It  is  evident 
that  if  the  geological  character  of  a  country  is  favorable  to 
the  production  of  such  alkaline  waters,  the  dryness  of  the 
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climate,  or  the  excess  of  evaporation  over  rainfall,  deter- 
mines the  degree  of  concentration  of  the  basins,  the  number 
and  extent  of  which  are  dependent  on  the  topography. 

An  arid  climate  is  characteristic  of  many  parts  of  the 
globe,  hence  there  are  numerous  localities  where  pools  and 
dry  deposits  of  natural  salts  exist.  The  desert  region  of 
northern  Africa,  from  Egypt  to  the  Atlantic  Ocean,  the  high 
plateaux  of  Armenia  and  Central  Asia,  the  plains  of  Hun- 
gary and  many  portions  of  South  America,  abound  in  occur 
rences  of  these  salts ;  while  the  lake  of  Tescuco,  near  the 
City  of  Mexico,  has  yielded  natural  alkali  since  long  anterior 
to  the  time  of  Cortez.  But  all  these  sources  of  possible 
supply,  taken  together,  sink  into  insignificance  when  com- 
pared with  those  of  the  United  States,  whether  we  consider 
their  absolute  magnitude  and  extent  or  their  prospective 
importance. 

In  describing  the  localities  within  the  boundaries  of  the 
United  States,  only  the  more  important  ones  will  be  con- 
sidered. Throughout  the  entire  region  which  stretches 
from  the  Rocky  Mountains  to  the  Sierra  Nevada,  the  climate 
is  excessively  dry,  and  only  a  small  portion  of  the  scanty 
annual  rainfall  finds  its  way  to  the  sea.  The  rest  either 
evaporates  at  once  or  drains  into  enclosed  valleys.  In  the 
Great  Basin,  almost  every  valley  has,  in  winter,  its  shallow 
lake  of  drainage  water,  which,  in  summer,  more  or  less  com- 
pletely dries  up,  leaving  behind  a  layer  of  salts.  These  are 
the  **  alkali  flats,"  of  which  you  have  all  heard,  and  which 
often  stretch  for  miles,  resembling  new-fallen  snow,  and 
producing  a  glare  well-nigh  insupportable  under  that  cloud- 
less sky  and  burning  sun.  The  arid  soil  of  these  plains  sup- 
ports a  very  scanty  vegetation,  and  the  winds  drive  before 
them  dense  clouds  of  dust  heavily  impregnated  with 
"  alkali,"  causing  great  annoyance  to  the  traveler,  even_when 
he  is  a  partaker  of  all  of  the  advantages  and  luxuries  fur- 
nished by  Mr.  Pullman.  It  may  be  well  to  note  that  in  the 
West  the  term ''alkali  "  means  natural  salts  of  every  sort, 
which  form  upon  the  surface  of  the  soil,  or  around  the  mar- 
gins of  pools.  These  salts  are  mostly  mixtures  of  sodium 
salts,  such  as  the  chloride,  sulphate  and  carbonate,  and  in 
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general  it  may  be  said  that  sulphate  predominates  on  the 
eastern  side  of  the  region  ;  chloride  in  the  central  portion, 
as  in  the  Great  Salt  Lake  ;  while  the  more  valuable  carbon- 
ate is  found  still  further  west,  along  the  eastern  slopes  of 
the  Sierra  Nevada. 

As  seeing  is  believing,  I  will  now  ask  you  to  accompany 
me  on  a  trip  from  Omaha  to  San  Francisco,  via  the  Union 
Pacific  Railroad,  as  the  principal  localities  which  yield 
natural  soda  can  be  reached  by  this  line.  Taking  the  Pacific 
Express  at  Omaha,  in  the  evening,  we  reach  Laramie,  Wyo., 
twenty-four  hours  later.  From  Laramie  a  branch  road  runs 
nearly  due  south,  thirteen  miles,  to  the  Soda  Lakes,  or,  as 
they  are  usually  called,  the  Union  Pacific  Lakes.  Only  one 
of  these  lakes  usually  contains  water,  the  others,  except  in 
wet  seasons,  being  dry  deposits.  The  deposits  are  quite 
thick,  being  in  some  places  1 1  feet  deep,  and  extend  over 
hundreds  of  acres.  The  Downey  Lakes,  a  few  miles  west, 
are  similar  in  all  respects  and  are  equally  extensive. 

The  salts  in  these  lakes  are  sodium  sulphate  and  chloride, 
the  sulphate  greatly  predominating.  The  total  amount  of 
sulphate  that  can  be  obtained  here  is  enormous,  and  it  is 
often  very  free  from  other  salts.  As  the  Western  demand 
for  caustic  soda  is  large,  it  was  natural  to  suppose  that  it 
could  be  profitably  made  from  this  sulphate  by  the  Leblanc 
process,  particularly  as  the  first  stage  of  the  process — the 
making  of  the  sulphate — has  already  been  performed  by 
Nature.  Repeated  attempts  have  been  made  and  much 
money  has  been  spent  to  accomplish  this,  but  so  far  without 
commercial  success.  The  principal  cause  of  failure  is  the 
large  proportion  of  water  in  the  sulphate.  Its  composition 
is  that  of  Glauber's  salts,  or  crystallized  sodium  sulphate, 
containing  ten  molecules  of  water  of  crystallization,  or 
nearly  fifty-six  per  cent,  of  the  total  weight.  Before  the 
sulphate  can  be  converted  into  the  "  black  ash "  of  the 
Leblanc  process,  this  water  must  be  got  rid  of — an  opera- 
tion which  has  proved  so  expensive  as  to  destroy  all  reason- 
able expectation  of  profit.  While  the  opinions  of  the  best 
authorities  hold  out  little  hope  that  this  sulphate  can  be 
profitably  utilized   in   the   near  future,  whoever  can   find 
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a  satisfactory  solution   to  the   problem   must   reap  a  rich 
reward. 

On  the  line  of  the  Union  Pacific  Railroad,  and  136  miles 
west  of  Laramie,  is  Rawlins;  and  50  miles  north  of  Rawlins 
lies  the  Sweetwater  Valley,  in  which  are  the  Dupont  Lakes. 
These  are  four  in  number  and  differ  from  the  Laramie  Lakes 
in  containing  a  considerable  proportion  of  sodium  carbon- 
ate. For  this  reason,  and  because  coal  and  limestone  are 
reported  to  exist  near-by  and  in  ample  supply,  a  flourishing 
industry  may  here  be  built  up  whenever  the  transportation 
facilities  have  been  developed.  Continuing  along  the  road 
from  Rawlins,  we  see  many  patches  of  alkali,  which,  how- 
ever, contains  little  or  no  carbonate,  and,  passing  through 
the  beautiful  Echo  Canon,  we  reach  the  Great  Salt  Lake. 
This  is  a  dense  solution  of  common  salt  with  much  sul- 
phate. In  winter  the  latter  crystallizes  out  in  large  quanti- 
ties along  the  shore,  and  some  attempts  have  been  made  to 
utilize  it,  but,  so  far  as  I  have  heard,  the  results  have  not 
been  favorable. 

From  Great  Salt  Lake,  another  day's  journey,  during 
which  we  observe  an  increasing  number  of  alkali  fiats, 
brings  us  to  Wadsworth,  Nevada.  From  this  point  we  pro- 
ceed by  wagon  southward  toward  the  sink  of  the  Carson 
River.  The  entire  journey  is  through  a  very  arid  region, 
the  latter  portion  being  a  sandy  waste  on  which  even  sage 
brush  can  hardly  grow.  After  twenty  miles  of  a  terribly 
hot  journey,  we  reach  a  place  called  Ragtown,  consisting  of 
a  house  and  a  well.  I  do  not  know  much  about  the  house, 
but  the  well  is  good. 

Ragtown,  though  now  deserted,  has  a  history,  and  was  a 
place  of  much  importance  before  the  advent  of  the  trans- 
continental railway.  It  was  the  long  and  greatly  desired  goal 
of  the  emigrant,  who,  having  painfully  toiled  through  the 
deserts  of  Utah  and  Nevada,  could,  when  he  beheld  the 
tents  of  Ragtown  and  the  green  banks  of  the  Carson,  at  last 
feel  sure  that  the  danger  of  death,  by  starvation  and  thirst, 
was  over.  Tired  and  ragged,  with  worn-out  cattle,  he  there 
met  traders  from  California,  from  whom  he  could  obtain 
fresh  oxen  and  fresh  clothes.     Poor  as  the  emigrant's  cattle 
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might  be,  they  still  had  some  value  in  barter,  since,  after 
recuperating  in  the  valley  of  the  Carson,  they  could  be  sold 
to  later  arrivals  ;  but  no  one  wanted  the  old  clothes,  so  these 
were  cast  to  the  winds,  and  by  their  picturesque  plenty  and 
confusion  gave  to  the  great  emporium  the  euphonious  name 
of  Ragtown.  Its  inhabitants,  its  glory,  even  its  rags,  have 
departed.  Its  name  would  perish  were  it  not  for  the  re- 
markable natural  occurrences  which  exist  near-by,  and  which 
are  known  as  the  Big  and  Little  Soda  Lakes. 

[  To  be  concluded  ] 


A  REMARKABLE  ELECTROLYTIC  PHENOMENON.^ 


By  C.  J.  Reed. 


Most  metals,  when  used  as  positive  electrodes  in  electro- 
lysis, are  either  dissolved  or  corroded,  producing  metallic 
salts  or  oxides  ;  but  when  used  as  negative  electrodes,  metals 
do  not  generally  undergo  such  corrosion.  They  are  seldom 
affected  in  any  way,  chemically,  by  the  action  of  the  current, 
and  are  never  dissolved. 

It  is  to  what  appears  to  be  an  exception  to  this  rule, 
that  I  wish  to  call  your  attention  this  evening. 

While  experimenting,  some  time  ago,  on  the  oxidizing 
effect  of  various  electrolytes  upon  lead  electrodes,  I  noticed, 
accidentally,  that  under  certain  circumstances,  lead  behaves 
toward  some  electrolytes  in  a  very  peculiar  manner.  The 
only  conditions  required  are  that  the  electromotive  force  and 
current  density  shall  be  very  high. 

On  passing  an  electric  current  through  a  solution  of  di- 
sodium-hydrogen  phosphate,  between  electrodes  of  sheet 
lead,  I  noticed  nothing  unusual  during  the  experiment. 
The  solution  had  a  very  high  resistance  and  very  little  cur- 
rent passed  even  with  a  high  electromotive  force.  At  the 
close  of  the  experiment,  there  being  no  switch  in  the  cir- 
cuit, the  current  was  interrupted  by  lifting  one  of  the  elec- 

*  Read  at  the  stated  meeting  of  the  Electrical  Section,  February  27,  1895. 
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trodes  out  of  the  solution.  It  happened  to  be  the  negative 
electrode. 

At  the  instant  of  final  contact  between  the  electrolyte  and 
the  lowest  point  of  the  electrode,  as  it  left  the  solution,  I 
noticed  what  appeared  to  be  a  cloud  of  black  smoke,  or  pre- 
cipitate, which  had  suddenly  formed  in  the  solution.  On 
examining  the  cloud  more  particularly,  and  repeating  the 
experiment  several  times,  I  found  that  by  exposing  only  a 
very  small  surface  of  the  negative  electrode  to  the  solution, 
there  was  produced  a  voluminous  cloud  of  dark  blue  or  lead- 
colored  precipitate,  which  rapidly  sank  in  the  solution  and 
rendered  it  entirely  opaque. 

It  was  then  observed  that  the  lead  cathode  was  being 
rapidly  eaten  away,  and  that  the  precipitate  was  being  pro- 
duced at  the  expense  of  the  lead.  The  precipitate  was  col- 
lected on  a  filter,  washed  with  water  and  alcohol,  and  dried. 
It  was  found  to  be  an  impalpable  powder  resembling  lead,  and 
permanent  in  the  air  at  ordinary  temperatures.  When  rubbed 
in  an  agate  mortar,  it  was  reduced  to  a  lustreless  gummy 
mass,  but  did  not  assume  a  metallic  appearance.  Heated 
to  the  melting  point  of  lead  in  the  open  air,  it  suddenly 
absorbed  oxygen  and  formed  yellow  plumbic  oxide,  with 
incandescence.  Heated  in  a  glass  tube  in  absence  of  oxy- 
gen, it  melted  to  a  globule  of  metallic  lead. 

In  this  bottle  I  show  you  a  sample  of  this  product  that 
has  been  preserved  more  than  two  years  without  any  appar- 
ent change. 

The  surface  of  the  lead  cathode,  after  the  experiment, 
exhibited  a  peculiar  appearance.  It  was  reduced  to  a  point 
at  the  end,  and  presented  a  smooth,  shiny  surface,  like  pol- 
ished lead.  It  was  of  the  form  we  should  expect  to  find  a 
positive  electrode  of  copper  or  other  soluble  metal. 

Other  electrolytes  were  tried  and  it  was  found  that  the  lead 
precipitate  could  be  produced  in  the  following  solutions  : 
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Potassic  sulphate, 

'•      liydric  sulphate, 
Sodium  orthophosphate, 
Di-sodic-hydric  phosphate, 
Sodic-di-hydric  phosphate, 
Magnesic  sulphate, 
Calcic  sulphate, 
Aluminic  sulphate, 
Amiuonic  oxalate. 
Sodium  hypophosphite, 

"       sulphide, 

"       thiosulphate, 

'*       sulphite, 

"       chloride, 
Potassic  chlorate. 
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Potassium  sulphocyaiiide, 

"  ferrocyanide, 

••  ferricyanide, 

•'  iodide, 

•'  bromide, 

'*  carbonate. 

Calcic  chloride  (with  difficulty), 
vStrontium  sulphate, 
Manganous  chloride, 
Sodium  borate. 
Potassium  acetate. 
Ammonium  hydrate, 
Hydric  phosphate, 
Ammonic  sulphide. 


The  precipitate  could  not  be  produced  in  solution.s  of  the 


following  substances : 

Barium  hydrate, 
"         chloride. 
Calcium  hydrate. 
Ammonium  carbonate, 
Strontium  nitrate, 

"  chloride, 

Hydric  sulphate. 


Hydric  acetate, 
"       oxalate, 
Ammonic  acetate, 
' '        nitrate, 
"         chloride, 
Potassium  bi-chromate, 
'•         nitrate. 


The  precipitate  could  not  be  formed  in  solutions  of 
metallic  salts  from  which  a  metal  can  be  deposited  by  elec- 
trolysis. It  cannot  be  formed  in  strong  acids  having  a  great 
affinity  for  lead. 

With  ammonium  oxalate  and  a  positive  electrode  of 
platinum,  there  was  formed  on  the  platinum  wire  what 
appeared  to  be  a  deposit  of  lead  peroxide,  although  no  lead 
was  originally  in  the  solution.  In  a  recent  experiment  I 
failed  to  produce  this  result. 

Similar  experiments  were  made  with  negative  electrodes 
of  iron,  zinc,  cobalt,  nickel,  manganese,  magnesium,  alumi- 
nium, copper,  cadmium,  silver,  gold,  platinum,  bismuth, 
arsenic,  antimony  and  tin.  Of  these,  arsenic  alone  acted  in 
a  manner  somewhat  similar  to  lead,  being  rapidly  disinte- 
grated as  a  negative  electrode.  The  surface  of  the  metal 
where  the  action  took  place  was  smooth,  bright  and  rounded, 
apparently  polished.     A  film  of  brown,  solid  arsenic  hydride 
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was  formed,  which,  instead  of  sinking,  floated  away  from 
the  electrode  in  straight  lines  on  the  surface  of  the  solution. 
This  hydride  was  also  produced  electrolytically  by  Sir 
Humphrey  Davy. 

With  lead  electrodes,  in  a  solution  of  sodium  phosphate, 
some  hydrogen  phosphide  was  produced  along  with  the  lead 
precipitate. 

With  borax  and  lead  electrodes,  the  lead  precipitate  was 
formed  very  rapidly  ;  and  when  the  negative  electrode  was 
held  close  to  the  side  of  the  glass  beaker,  a  bright  reddish- 
brown  stratum  of  liquid  was  seen  to  be  continually  formed 
at  the  surface  of  the  electrode.  This  disappeared  almost 
instantly  after  moving  away  from  the  electrode,  but  was 
continually  formed  as  long  as  the  current  was  strong  enough 
to  produce  the  lead  precipitate.  The  addition  of  acetic 
acid  did  not  prevent  this  formation. 

Sodium  thiosulphate  gave  a  deposit  of  sulphur  at  the 
positive  pole,  confirming  the  theory  that  in  the  thiosul- 
phates  one  atom  of  sulphur  is  electro-negative,  and  takes 
the  place  of  an  atom  of  oxygen  in  the  sulphates. 

With  sodium  sulphite,  sulphur  dioxide  was  liberated  at 
the  positive  plate. 

Strontium  nitrate,  instead  of  giving  the  lead  powder, 
gave  a  blue  flame  around  the  point  of  the  lead  cathode. 

These  results  seem  to  indicate  the  possibility  of  obtain- 
ing, by  the  use  of  high  electromotive  force  and  high  cur- 
rent density  in  electrolysis,  products  of  an  entirely  different 
nature  from  those  of  ordinary  electrolysis. 


A  METHOD  FOR  DETERMINING  SULPHUR  in 
ROASTED  SULPHIDE  ORES.* 


By  Harry  F.  KEiyi<ER  and  Phii^ip  Maas. 


Numerous  methods  have  been  proposed  for  the  estima- 
tion of  sulphur  in  materials  containing  it  in  the  form  of 
sulphides  not  decomposable  by  hydrochloric  acid.  New 
methods,  as  well  as  modifications  of  older  ones,  are  contin- 

*  Read  at  the  stated  meeting  of  the  Chemical  Section,  held  January  i8, 
1895. 
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iially  devivsed  :  analvsts  do  not  seem  satisfied  with  the  exist- 
ing- processes,  and  it  must  be  admitted  that  a  method  which 
is  both  accurate  and  expeditious,  still  remains  a  desidera- 
tum. 

The  great  majority  of  methods  now  practiced  con- 
sist in  oxidizing — either  in  the  dry  way  or  wet  way — the 
sulphur  to  sulphuric  acid,  and  estimating  the  latter  gravi- 
metrically  or  by  titration. 

The  method  we  are  about  to  describe  is  likewise  based  on 
this  principle,  and  is  a  combination  of  well-known  reactions. 
What  we  claim  for  it  is  that  it  is  specially  adapted  for  the 
determination  of  the  sulphur  in  roasted  copper  ores  and 
cupriferous  pyrites. 

The  conversion  of  the  sulphur  into  an  alkaline  sulphate 
is  effected  by  fusion  with  potassium  hydrate  and  sodium 
peroxide,  and  the  amount  of  sulphur  is  then  ascertained  in 
the  usual  manner — gravimetrically,  when  accuracy  is  the 
principal  object — by  the  Wildenstein  method,  when  rapidity 
is  aimed  at. 

The  details  of  the  process  are  as  follows  :  Five  to  six 
grams  of  caustic  potash  (pure  by  alcohol)  are  fused  in  a 
nickel  crucible  and  heated  until  the  excess  of  water  is 
expelled.  The  size  of  the  flame  is  now  reduced  so  that  the 
contents  of  the  crucible  just  remain  liquid,  and  '5  grams 
of  the  finely  powdered  material  introduced  in  small  portions. 
A  gram  of  sodium  peroxide  is  then  added  while  the  heat  is 
gradually  increased  to  redness,  and  this  is  maintained  for  a 
few^  minutes.  After  cooling,  the  fused  mass  is  dissolved  in 
water,  and  the  solution  filtered  -with  the  aid  of  a  pump. 
The  undissolved  residue  is  washed  four  or  five  times  with 
hot  water. 

The  colorless  -  filtrate  is  acidified  with  hydrochloric  acid 
(8-9  c.c,  sp.  g.  1*2)  and  boiled  to  expel  carbonic  acid. 

If  the  estimation  is  to  be  made  gravimetrically,  the  sul- 
phate of  barium  is  precipitated  from  the  boiling  liquid  in 
the  usual  manner.  In  case,  however,  titration  is  resorted  to, 
the   liquid  is  made  alkaline  with  ammonia  (about  five  c.c, 

*  Before  filtering  the  liquid  is  often  colored  purple  by  a  small  amount  of 
ferrate  of  potassium  ;  a  blue  color  in  the  filtrate  indicates  that  too  much 
potash  was  used. 
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sp.  g.  -9).  A  slight  excess  of  standard  barium  chloride  solu- 
tion is  added  from  a  burette,  and  the  excess  measured  with 
an  equivalent  solution  of  dichromate  of  potassium.  A  dis- 
tinct yellow  color  of  the  liquid  marks  the  end  of  the  reac- 
tion. After  a  little  practice  it  is  generally  easy  to  strike 
this  point,  though  it  will  sometimes  happen  that  the  pre- 
cipitate does  not  settle  rapidly.  In  such  doubtful  cases, 
portions  of  the  liquid  should  be  filtered  off.  Care  should 
also  be  taken  that  the  liquid  does  not  become  too  dilute.  It 
is  convenient  to  prepare  the  standard  solutions  of  such 
strength  that  one  c.c.  is  equivalent  to  '005  grams  of  sulphur, 
i.  e.,  indicates  one  per  cent,  in  a  sample  weighing  '5  grams. 

The  solution  of  barium  chloride  is  prepared  by  dissolving 
38*109  grams  of  the  crystallized  salt  to  a  liter,  while  the 
dichromate  solution  should  contain  23  grams  of  the  salt  per 
liter. 

To  test  the  accuracy  of  our  method,  a  considerable  num- 
ber of  determinations  were  made  of  the  sulphur  in  a  typical 
roasted  copper  ore  from  Montana. 

By  oxidation  with  nitric  acid  and  with  aqua  regia  the 
percentage  of  sulphur  in  this  material  had  been  found  to  be 
7*095  and  7*14,  respectively. 

Somewhat  lower  results  were  obtained  by  fusion  with 
caustic  potash  and  potassium  chlorate,  a  method  whici 
had  been  used  by  one  of  us  to  control  the  working  of  a  lead 
ore  roasting  furnace.  The  figures  varied  from  6*78  percent, 
to  6*92  per  cent. 

Our  first  attempts  to  oxidize  the  ore  by  means  of  sodium 
peroxide  were  not  successful.  By  using  10  grams  of  potash 
and  3~5  grams  of  peroxide,  figures  much  lower  than  those 
before  given  resulted. 

The  oxidation  was  evidently  incomplete.  When  bromine 
water  was  added  to  the  solution  of  the  fused  mass,  6*82  per 
cent,  of  sulphur  was  obtained. 

To  our  surprise  a  higher  percentage  was  also  found  when 
less  of  the  peroxide  was  employed.  Thus  with  10  grams  of 
potash  and  i  gram  of  peroxide  the  determinations  averaged 
6-8  per  cent. 

The  large  excess  of  alkali  employed  in  these  fusions  in- 
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variably  caused  the  solution  of  some  copper,  which  renders 
titration  impossible.  Our  next  step,  therefore,  was  to  reduce 
the  amount  of  potash. 

When  5  grams  of  hydrate  and  i  gram  of  peroxide  were 
taken,  the  filtered  solution  of  the  fused  mass  was  entirely 
free  from  the  blue  tint  produced  by  the  copper,  and  it  is 
seen  from  the  following  figures  that  the  oxidation  of  the 
sulphur  was  complete  : 

(i) 671  per  cent.    S. 

(2) 6-82 

(3) ^9         " 

Average 677         "  " 

Volumetric  estimations  gave  the  following  results : 

(i) 674  per  cent.  S. 

(2) 6  86 

(3) 6-89         - 

(4) 7-14        " 

(5) 6^         " 

Average 6*92         "  " 

Another  series  of  determinations,  in  which  a  preparation 
of  potash  vsxdiXk.^dL  piiriss  pro  analys!^  was  used,  yielded  : 

(i) 670  per  cent.   S. 

(2) 7'09 

(3) 671 

(47 6-85 

(5) 679 

(6) 7'oo 

Average 6*85 

A  final  series  in  which  the  directions  given  in  this  paper 

were  strictly  adhered  to,  resulted  as  follows : 

(I) 

(2) 

(3) 

(4) 

(5) 

(6)  .    .       ■    ^ 

(7) 

Average 7*05         "  " 

The  time  required   for  the  volumetric  assay  does  not 

exceed  thirty  minutes. 

*A  correction  of  '35  per  cent,  was  necessary  in  this  case,  the  potash  being 
less  free  from  sulphur  than  that  labelled  "pure  by  alcohol." 
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The  atomic  WEIGHT  of  TUNGSTEN  * 


By  Edgar  F.   Smith   and   Enric  D.   Desi. 


When  we  examine  Clarke's  Recalculations  of  the  Atomic 
Weights,  or  Becker's  Atomic  Weight  Determinations,  we 
will  find  various  figures  representing  the  atomic  mass  of 
tungsten,  which  differ  greatly  from  each  other. 

The  method  pursued  by  most  of  the  experimenters  was 
the  reduction  of  tungstic  acid  and  weighing  of  the  reduced 
metallic  tungsten  ;  some  oxidized  the  metal  to  tungstic  acid, 
and  Bernouilli  also  reduced  the  trioxide  of  tungsten  and 
calculated  the  atomic  weight  from  the  amount  of  water 
formed. 

The  cause  of  these  great  differences  is  due  not  so  much 
to  the  methods  employed  as  to  the  impurities  contained  in 
the  material  used  for  the  experiments.  All  have  recognized 
this,  and  their  principal  aim  was  to  obtain  a  chemically  pure 
tungstic  acid.  It  is  comparatively  easy  to  rid  the  substance 
from  iron,  manganese,  aluminum,  etc.  But  some  difficulty 
is  encountered  in  removing  the  last  traces  of  silicic  acid,  and 
in  separating  molybdenum,  which  was  not  eliminated  in 
most  determinations.  The  analogy  of  the  compounds  of  these 
two  metals  makes  their  separation  more  difficult,  and  the 
importance  of  the  influence  of  the  presence  of  molybdic 
acid  (M0O3)  upon  the  results  of  the  atomic  weight  deter- 
mination of  tungsten  was  recognized  by  Schneider  (Journal 
fiir  praktische  Cheinu,  50).  He  took  the  greatest  pains  in 
preparing  a  pure  material,  and  removed  the  molybdic 
acid  by  strong  ignition.  Later  investigators,  however, 
have  shown  that  it  is  not  possible  to  completely  separate 
tungsten  from  molybdenum  by  mere  ignition. 

Waddell  more  recently  [American  Chemical  Journal,  8, 
280),  after  considerable  and  careful  work,  obtained  probably 
purer  material  than  previous  investigators.  He  found  many 
difficulties  in  separating  molybdenum  from  tungsten,  and  con- 

*Read  before  the  Chemical  Section,  January  18,  1895. 
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sidered  Rose's  method  of  separation  as  the  most  convenient; 
but  Traube  {JaJirbucJi  fiir  Mineralogie,  etc.  Jki/agehand,  VII., 
p.  232),  and  more  recently  Friedheim  and  Meyer  {Zeitschrift 
fiir  anorganisc/ic  Cheinie,  1,  jG),  have  shown  that  by  Rose's 
method  the  elimination  of  molybdenum  is  not  complete. 

It  is  safe  to  admit  that  all  former  investigators  had  a 
tungstic  acid  contaminated  with  more  or  less  molybdic  acid, 
which  tended  to  lower  the  atomic  weight  of  tungsten,  and 
the  proof  of  it  is  the  latest  work  on  this  subject  by  Pen- 
nington and  Smith  (Proc.  Anicr.  PJiilos.  Soc,  33,  332), 
who  obtained  a  value  (184*90),  that  differs  quite  appreciably 
from  that  usually  accepted  as  representing  the  atomic  mass 
of  the  element  under  consideration. 

We  have  undertaken,  in  this  present  investigation,  to 
determine  the  atomic  weight  of  tungsten  from  the  quantity 
of  water  formed  by  the  reduction  of  tungsten  trioxide. 
Bernouilli  {Poggendorf's  Annalen,  111,  599)  attempted  to 
determine  this  constant  in  the  same  way,  but  the  value 
which  he  obtained  (186)  we  must  consider  as  too  high. 

The  greatest  care  was  taken  to  obtain  a  really  chemically 
pure  tungstic  acid,  for  the  purpose  of  ascertaining  whether 
the  elimination  of  the  last  traces  of  molybdenum  would 
be  likely  to  produce  a  rise  in  the  atomic  mass. 

We  obtained  our  tungstic  trioxide  by  digesting  the  finely- 
powdered  mineral  wolframite  from  Zinnwald  (Bohemia),  in 
aqua  regia,  for  several  days  ;  the  trioxide  thus  obtained 
was  boiled  in  a  porcelain  dish  for  five  days  in  aqua  regia, 
decantingfrom  time  to  time  the  exhausted  acid,  washing  the 
yellow  oxide  thoroughly  with  water.  This  operation  was  con- 
tinued until  the  acid  and  washings  showed  complete  absence 
of  iron.  The  w^ell-washed  trioxide  was  then  brought  in  a 
porcelain  dish,  covered  with  water,  and  ammonia-gas  con- 
ducted into  the  liquid  until  saturated,  dissolving  the  tung- 
stic acid  to  ammonium  metatungstate  [W40,3(NH4)2  +8H2O.] 
Several  days  were  required  for  this  operation,  and  only  a 
little  greenish  residue  remained  undissolved,  containing 
traces  of  iron  and  probably  columbic  acid.  The  clear 
ammoniacal  solution,  after  filtration,  was  concentrated  in  a 
porcelain  dish  almost  to  the  point  of  crystallization.    During 
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this  operation  it  was  necessary  to  filter  several  times,  an 
amorphous  brown  precipitate  being  formed,  as  well  as  a 
g-elatinous  one,  probably  traces  of  silica.  The  concentrated 
solution  was  left  standing  to  crystallize  out  the  metatung- 
state  of  ammonium.  The  white  crystalline  needles  were 
thoroughly  washed  with  water,  dried  and  ignited  in  a  porce- 
lain crucible  to  tungstic  acid,  excluding  the  entrance  of 
dust  by  a  large,  suspended  porcelain  cover,  admitting  the  air 
freely.  This  tungsten  trioxide  was  twice  re-crystallized  and 
ignited  and  finally  digested  with  yellow  ammonium  sul- 
phide, excluding  the  air  as  much  as  possible,  heating  gently 
until  the  solution  had  a  reddish-brown  color.  A  little  black 
residue  was  filtered  off  and  tungsten  trisulphide  (WS3)  was 
precipitated  from  the  clear  solution  of  ammonium  sulpho- 
tungstate  [WS4(NH4)2],  by  additions  of  small  quantities  of 
pure  hydrochloric  acid.  After  washing  the  precipitate  by 
decantation  and  on  the  filter,  it  was  dried  and  ignited  in  an 
open  porcelain  crucible  to  tungstic  acid.  After  boiling  this 
tungstic  acid  for  two  days  in  aqua  regia,  frequently  re- 
newing the  acid  and  washing  thoroughly  with  water,  the 
trioxide  was  dissolved  once  more  in  yellow  ammonium  sul- 
phide, no  residue  whatever  being  left  behind.  This  solu- 
tion was  treated  as  above  and  the  resulting  tungstic  sulphide 
ignited  to  the  trioxide. 

So  far,  we  were  perfectly  sure  that  we  had  no  iron, 
manganese,  aluminum,  silica,  etc.,  contaminating  our  tung- 
stic acid. 

Now  one  more  element  remained  to  be  separated  from 
tungsten,  and  this  is  molybdenum.  The  presence  of  molyb- 
denum was  proved  by  converting  a  small  quantity  of  the 
purified  trioxide  into  the  ammonium  salt,  and  applying  the 
sulphocyanide  test,  Braun  {Zeitschrift  fiir  analytische 
CJiemie,  2,  36),  which  showed  plainly  the  presence  of  this 
element.  This  demonstrated  that  the  many  previous  oper- 
ations of  purification  did  not  eliminate  molybdenum,  and 
strengthens  our  opinion  that  the  tungstic  trioxide  used  in 
all  former  investigations,  except  that  of  Pennington  and 
Smith  {Joe.  cit),  was  contaminated  with  molybdenum.  To 
separate  these  two  elements  we  had  recourse  to  the  vola- 
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tility  of  molybdenum  oxychloride  (M0O3  2liCl)  Debray 
(Comptcs  Rendus,  46,  1098,  1850)  {Liebigs  Annalen,  108, 
250). 

The  experiments  of  Pechard  {Comptes  Rendus,  114,  173,  and 
Zeitschrift  fiir  anorg.  CJiemie,  1,  262),  and  those  more  recently 
made  by  Smith  and  Oberholtzer  {Jour.  Amer.  CJiein.  Soc,  15, 
18,  and  ZeitscJir.  fiir  anorg.  CJiemie,  4,  236),  and  by  Smith 
and  Maas  {Jour.  Amer.  Ghent.  Soc,  15,  397,  and  ZeitscJir.  fiir 
anorg.  C hemic,  5,  280),  prove  beyond  doubt  the  quantitative 
separation  of  molybdenum  from  tungsten  by  heating  and 
passing  dry  hydrochloric  acid  gas  over  the  mixture,  the  fol- 
lowing reaction  taking  place : 

M0O3  +  2HCI  =  M0O3  2HCI. 

Small  portions  of  the  purified  tungstic  acid  were  placed 
in  porcelain  boats  and  exposed  to  the  action  of  pure  hydro- 
chloric acid  gas,  prepared  from  salt  and  pure  sulphuric  acid. 
The  gas  escaping  from  the  generating  flask  passed  through 
a  bottle  with  sulphuric  acid  and  a  tower  filled  with  calcium 
chloride,  and  then  entered  the  combustion  tube,  where  it 
came  in  contact  with  the  tungsten  trioxide.  A  gentle  heat 
was  applied  and  gradually  increased  to  about  200°  C,  until 
the  white  volatile  sublimate  of  molybdenum  oxychloride  was 
no  longer  observed.  The  residue  in  the  boat  always  showed 
some  traces  of  reduction,  so  that  it  was  re-oxidized  in  open 
porcelain  crucibles.  To  determine  complete  absence  of 
molybdenum  small  portions  of  it  were  subjected  to  the  sul- 
phocyanide  test;  no  trace  of  the  molybdic  reaction  was 
observed. 

Only  now  we  considered  that  we  had  a  chemically  pure 
tungstic  acid,  and  proceeded  to  the  actual  determination  of 
the  atomic  weight.  This  was  done  by  conducting  a  current 
of  pure  and  dry  hydrogen  over  a  carefully-weighed  quantity 
of  .  tungstic  acid,  collecting  the  water  formed  in  a 
U-tube  filled  with  freshly  calcined  calcium  chloride. 

The  hydrogen  used  by  us  in  the  reductions  was  prepared 
from  pure  sulphuric  acid  and  the  purest  obtainable  zinc.  To 
purify  the  gas  it  was  conducted  through  a  series  of  bottles 
containing  potassium  permanganate,  an  alkaline  solution  of 
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lead  nitrate,  silver  nitrate,  sulphuric  acid,  caustic  potash, 
calcium  chloride,  and  finally  through  a  nine-inches-long 
glass  tube,  filled  with  bright,  polished  iron  wire,  the  latter 
being  gently  heated.  After  this,  the  gas  was  admitted  to 
the  tube,  where  it  came  in  contact  with  the  ignited  tung- 
stic  acid  contained  in  a  platinum  boat.  The  water  pro- 
duced in  the  reduction  was  collected  in  a  weighed,  glass- 
stoppered  U-tube,  filled  with  anhydrous  calcium  chloride. 
A  similar  tube  was  attached  to  this,  to  prevent  absorption 
of  moisture  from  the  surrounding  atmosphere.  Before 
beginning  the  reduction,  the  tube  was  dried  thoroughly, 
until  constant  weight  of  the  U-tube  was  obtained. 

The  reduction  of  tungstic  acid  is  not  very  easy,  requiring 
a  very  high  temperature  and  long  time  ;  in  our  experiments 
we  ignited  for  about  eight  hours.  After  displacing  the 
hydrogen  in  the  U-tube,  it  was  hung  in  the  balance-case  for 
half  an  hour,  and  then  weighed ;  a  second  weighing  was 
made  after  twenty  minutes,  but  no  difference  was  observed. 
The  balance  and  the  weights  were  perfectly  adjusted,  and 
all  weighings  reduced  to  the  vacuum  standard,  and  in  the 
calculations,  oxygen  was  taken  as  16  and  hydrogen  as  I'OoS 
(Clarke). 

The  results  of  six  experiments  were  as  follows : 

Weight  of  Weight  of  Atomic 

Tungstic  Acid  Water  Mass  of 

in  grams.  in  grams.  Tungsten. 

(l) 0983024  0*22834  184-683 

(2) 0998424  023189  184709 

(3) I -008074  0-23409  184749 

(4) O-911974  0-21184  184  678 

(5) 0-997974  0-23179  184-704 

(6) 1-007024  o  23389  184-706 

Mean, 184-704 

Maximum, 184-749 

Minimum, 184-678 

Difference, -071 

Chemicai.  Laboratory,  University  of  Pennsylvania, 

Phii.adei,phia. 
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The   reduction   of    ALUMINA   CONSIDERED 
FROM  A  THERMO-CHEMICAL  vSTANDPOINT.* 


By  Joseph  W.  Richards,  A.C,  Ph.D. 


The  writer  is  a  firm  believer  in  the  usefulness  of  thermo- 
chemical  data  as  a  guide  in  chemical  experiment.  How- 
ever, the  deductions  drawn  from  these  data  are  often  incor- 
rect, because  all  the  conditions  have  not  been  taken  into 
account.  Berthelot  has  postulated  the  "law  of  maximum 
work,"  which  affirms  that  every  chemical  reaction  takes 
place  with  the  maximum  production  of  heat  possible  by  the 
combination  of  the  reacting  substances.  This  law,  how- 
ever, is  too  limited ;  it  leaves  out  of  consideration  alto- 
gether the  disturbing  effect  of  the  relative  masses  of  the  sub- 
stances, their  physical  condition  and  the  physical  condition 
of  the  products.  For  instance,  an  excess  of  a  reducing  agent 
is  often  necessary  to  reduce  an  oxide,  producing  or  causing 
to  take  place  a  highly  endothermic  reaction.  Again,  if  one 
of  the  possible  products  of  a  reaction  would  be  in  such  a 
physical  condition  as  to  be  quickly  and  completely  removed 
from  the  sphere  of  the  reacting  bodies,  its  formation  will  be 
greatly  accelerated.  If  two  solutions  are  mixed  and  one  of 
the  possible  products  of  their  reaction  is  insoluble  in  the 
solution,  this  fact  will  determine  the  formation  of  that  sub- 
stance, even  though  the  reaction  is  an  endothermic  one. 
The  heat  deficit  will  simply  be  made  up  by  an  abstraction 
of  heat  from  the  solution ;  it  will  be  cooled.  Similarly,  if 
two  solids  or  liquids,  or  a  solid  and  a  liquid,  are  brought 
into  intimate  contact,  and  the  possible  result  of  their  reac- 
tion should  be  a  gas,  the  reaction  will  tend  to  take  place, 
even  if  endothermic,  because  the  gas  escapes  from  the  field 
of  reaction  as  soon  as  produced,  and  so  the  inverse  reaction 
is  prevented.  In  such  a  case,  putting  pressure  on  the  sub- 
stances would  hinder  the  formation  of  gas  and  retard  the 

*Read  before  the  Chemical  Section,  February  19,  1895. 
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reaction  ;  removingr  the  pressure  would  facilitate  the  reac- 
tion. It  has  been  proved,  experimentally,  that  mercuric 
oxide  and  carbon  react  at  a  lower  temperature  when  warmed 
in  a  vacuum  than  when  at  ordinary  pressure. 

Another  important  point  is,  that  there  is,  under  a  given 
pressure,  a  critical  point  of  temperature  at  which  reactions 
first  take  place,  the  explanation  of  which  is  that  the  particles 
of  the  original  substances  are  themselves  bound  together 
by  chemical  affinity,  and  that  the  molecular  vibration  corre- 
sponding to  a  certain  temperature  is  necessary  before  the 
new  affinities  tending  to  produce  the  reaction  can  overcome 
the  original  affinities  of  the  primary  substances.  At  555° 
C.  the  atoms  of  oxygen  and  hydrogen,  in  the  molecules  of 
their  respective  gases,  are  vibrating  to  such  distances  from 
their  mutual  centre  of  attraction,  that  the  new  affinity  of 
the  unlike  atoms  for  each  other  is  able  to  disrupt  the 
original  molecules,  and  combination  occurs.  Similarly, 
carbonic  oxide  can  break  up  the  oxygen  molecule  only  at 
655°  C.  These  remarks  apply  to  the  free  gases  at  ordinary 
pressure.  Under  other  conditions,  the  oxidation  can  go  on 
at  different  temperatures. 

If  the  substances  are  brought  to  the  critical  temperature 
at  which  they  react,  and  the  reaction  at  that  temperature  is 
exothermic,  then  the  exchange  will  take  place  and  proceed 
of  itself  until  complete.  If  the  reaction  is  endothermic,  the 
first  reacting  portions  absorb  heat  from  the  rest  and  lower 
the  temperature  below  the  critical  point,  thus  putting  a 
stop  to  the  reaction,  the  exchange  starts  again  only  when 
the  temperature  is  kept  up  to  the  critical  point  by  the 
liberal  supply  of  heat  from  without.  This  is  the  modus 
operandi  of  the  reduction  of  many  strong  oxides. 

The  heat  of  formation  of  a  molecular  weight  of  alumina 
(102  parts)  was  determined  by  Bailie  and  Fery,  by  oxidizing 
aluminium  amalgam.     The  reaction  is 

APHg^  _|_  3O  =  APO^  4-  3Hg  =  -\-  392,600  calories.   , 

This  is  evidently  the  heat  of  oxidation  of  liquid  aluminium 
to  solid  alumina,  minus  the  heat  of  formation  of  APHg^. 
This   latter  quantity   is   unknown,   but   is   probably   quite 


April,  1S95.]  Chemical  Section.  297 

small.     These  investigators  determined  the  heat  of  hydra- 
tion of  alumina;  thus 

Al-O-^  -f  3H20=  2AI  (OH)^  +  3,000  calories. 

Berthelot,  long  previously,  had  found  the  heat  of  forma- 
tion of  hydrated  alumina  to  be  39 1,600  calories.  This  would 
give  388,600  for  anhydrous  alumina,  but  this  figure  is  based 
on  the  oxidation  of  solid  aluminium.  To  compare  it  with 
Bailie  and  Fery's  figures,  we  must  add  to  it  the  latent  heat 
of  aluminium  at  0°  C,  which  is  calculated  as  follow\s : 

Calories. 

Latent  heat  of  i  kilo  aluminium  at  the  melting  point      ....  icoo 
Heat  given  out  by  i  kilo  of  mo'ten  aluminium  in  falling 

from  625°  to  0°  ^^  625  X  0308  (sp.  heat  molten  alumin-    Cai. 

ium),  determined  by  Pionchon       i92"5 

Heat  given  out  by  i  kilo  of  solid  aluminium  through  the 

same  range  (writer's  experiments; 158 "3 

Decrease  in  the  latent  heat 34"2 

Latent  heat  of  i  kilo  at  0°  C 65-8 

The  latent  heat  of  54  kilos  (Al 2)  is,  therefore, 3550'0 

Adding  this  to  Berthelot's  corrected  value  for  anhydrous 
alumina  from  solid  aluminium,  the  sum  is  392,150  calories. 
This  agrees  so  closely  with  Bailie  and  Fery's  figures  that  the 
latter  are  accepted  as  being  very  near  the  truth. 

Concerning  the  reduction  of  this  compound  to  metallic 
aluminium,  two  ways  are  possible — the  direct  and  the  indi- 
rect. By  the  first  I  mean  the  use  of  an  agent  which  is  pow- 
erful enough  to  reduce  it  to  metal  at  a  single  step  ;  by  the 
indirect  is  meant,  first,  reducing  alumina  to  a  more  tracta- 
ble aluminium  compound,  and  then  reducing  the  latter. 
Leaving  electricity  entirely  out  of  consideration,  there  are 
but  very  few  reducing  agents  which  can  decompose  alu- 
mina directly,  and  they  only  at  very  high  temperatures. 
Sodium  does  not  act  on  it  at  any  temperature,  since  sodium 
oxide  is  a  far  weaker  compound  than  alumina. 

3Na^  -{-30  =  3Na^0  +  299,280  calories. 

If  the  alumina,  however,  is  converted  into  an  oxygen-free 
aluminium  salt,  its  affinities  are  then  much  weaker,  while 
the   reducing  power  of   sodium  is  relatively  much  greater. 
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Chlorine  and  carbon  together  decompose  alumina, 

APO-^  +  C  +  6C1  =-  2AICP  +  3CO 
Heat  absorbed : 

Decomposing  alumina 392,600 

Heat  liberated : 

Aluminium    chloride 325,510 

Carbonic  oxide 88,200 

413.710 

Excess  of  heat 21,110 

This  reaction  proceeds  easily  at  a  bright  red  heat ;  in  fact, 
we  not  only  have  an  exothermic  reaction,  but  the  products 
also  are  all  gaseous,  and  as  soon  as  the  critical  temperature 
at  which  the  reaction  begins  is  reached,  the  operation  pro- 
ceeds rapidly  and  completely. 

The  aluminium  chloride  is  easily  reduced  by  sodium, 
potassium,  lithium  and  magnesium,  perhaps  to  a  slight 
degree  by  manganese  and  zinc,  which  have  about  an  equal 
affinity  for  chlorine.  No  other  substances,  organic  or  inor- 
ganic, besides  these  few  rare  alkaline  and  alkaline -earth 
metals,  have  a  heat  of  combination  with  chlorine  sufficient 
to  decompose  aluminium  chloride. 

Bromine  and  iodine  vapors  do  not  act  like  chlorine,  and 
the  reason  is  seen  in  casting  up  the  thermal  data.  The  dif- 
ference between  the  heat  of  formation  of  alumina  and  three 
molecules  of  carbonic  oxide  is  392,600  —  88,200  =  304,400 
calories.  Against  this,  chlorine  formed  aluminium  chloride 
and  gave  325,510  calories,  making  the  reaction  exothermic 
by  21,110  calories.  Bromine,  however,  in  forming  the  bro- 
mide, gives  only  243,550  calories,  leaving  a  deficit  of  60,850 
calories,  while  iodine  gives  only  144,310,  leaving  a  deficit  of 
160,190  calories.  The  only  known  way  of  making  these 
compounds  is  directly  from  aluminium  itself. 

Sulphur,  also,  is  unable  either  alone,  or  with  the  assistance 
of  carbon,  to  split  up  alumina.  The  heat  of  formation  of  alu- 
minium sulphide  being  127,950  (from  liquid  aluminium), 
the  enormous  deficit  of  304,400 —  127,950=  176,450  calories, 
makes  the  reaction  impracticable.  However,  when  carbon 
bisulphide  vapor  is    passed    over  white-hot    alumina,   alu- 
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minium  sulphide  is  formed.  It  would  appear  at  first  sight 
as  if  the  compound  of  carbon  and  sulphur  would  be  less 
likely  to  produce  the  reaction  than  those  elements  uncom- 
bined ;  but  the  secret  of  this  paradox  is  disclosed  when  we 
note  that  carbon  bisulphide  is  one  of  the  few  endothermic 
compounds,  absorbing  29,000  calories  in  its  formation,  and 
giving  out  just  that  amount  in  its  decomposition.  This 
helps  to  reduce  the  deficit  by  just  so  much.  Further,  car- 
bonic oxide  is  not  formed,  but  carbonyl  sulphide,  which  has 
a  heat  of  formation  4,700  calories  higher  for  each  atom  of 
oxygen  taken  up.     Casting  up  the  thermal  data,   we  have 

APO^  +  3CS2  =  APS^  +  3COS. 

Heat  absorbed : 

Calories. 
Decomposing  alumina 392,603 

Heat  evolved  : 

Fo'-niation  of  aluminium  sulphide 127,950 

"  "  carbonyl  sulphide 102,300 

Decomposition  of  carbon  bisulphide 87,000 

317,250 

Heat  deficit 75,35o 

This  is  still  a  large  deficiency,  but  the  critical  tempera- 
ture for  the  reaction  is  a  white  heat,  and,  if  the  supply  of 
carbon  bisulphide  is  abundant  and  the  heating  is  kept  up 
energetically,  the  reaction  is  practicable. 

As  for  reducing  this  sulphide  to  metal,  thermal  data  show 
us  that  only  the  alkaline  and  alkaline-earth  metals  can 
accomplish  it  easily,  while  manganese,  zinc,  tin,  iron  and 
copper  can  do  it  to  a  small  extent  when  used  in  large  excess, 
making  use  of  the  influence  of  mass  to  bring  about  the 
endothermic  reaction.  This  compound  recommends  itself 
more  particularly  for  electrolytic  decomposition.  When 
mixed  with  an  alkaline  sulphide  it  forms  an  easily  fusible 
double  sulphide,  which  theoretically  requires  less  than  one 
volt  to  decompose  it. 

Alumina  is  easily  converted  into  its  fluoride,  which,  how- 
ever, can  only  be  decomposed  chemically  by  the  alkaline  or 
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alkaline-earth    metals.     Even   fluorine  alone  acts    energeti- 
cally on  it,  raising  it  to  incandescence. 
The  reaction 

APO"^  4-  6F  =  2A1F^  -f  3O 

sets  free  555,550  —  392,600  =   162,950  calories,  which    ac- 
counts for  the  phenomena  observed. 

Even  hydrofluoric  acid  gas  can  be  used  for  the  reaction, 
the  splitting  up  of  six  molecules  of  gaseous  hydrofluoric 
acid  requiring,  at  0°  C.  222,600  calories,  against  which  we 
have  the  formation  of  three  molecules  of  water,  174,300  cal- 
ories, leaving  for  the  reaction  a  net  excess  of 

APO^  +  6HF  r=  2A1F3  +  iWO  +  114,650  calories. 

A  reaction  similar  to  this  is  impracticable  with  hydro- 
chloric acid  gas,  and  we  find  that  it  would  be  endothermic 
to  the  extent  of  about  30,000  calories. 

DIRECT   REDUCTION. 

Minet  has  measured  carefully  the  voltage  required  to 
decompose  alumina  dissolved  in  a  fluoride  bath,  using  a 
carbon  anode,  at  which  carbonic  oxide  is  formed.  As  one 
volt  represents  a  thermal  value  of  23,000  calories  for  each 
equivalent  of  oxygen  liberated,  it  would  represent  23,000 
X  6  =  138,000  calories  for  each  molecule  of  alumina  split 
up.  The  number  of  calories  represents,  therefore,  the  ther- 
mal value  of  the  following  reaction  : 

APO^  +  3C  =--  AP  +  3CO 

at  the  temperatures  given.     Minet's  best  experiments  gave: 

Temperature.  Voltage.  Calorific  Equivalent  (3O.] 

900°  2*40  331,000 

1100°  2-17  299,460 

If  we  can  add  to  these  numbers  the  heat  evolved  by  the 
reaction  3C  -|-  3O  =  3CO,  at  these  temperatures,  we  shall 
obtain  the  value  of  the  reaction  AP  +  O^  or  the  heat  of 
oxidation  of  liquid  aluminium  to  liquid  alumina.  This  cal- 
culation is  made  as  follows  : 

C  -h  O  =  CO  -f-  29,400  calories  at  0°  (Berthelot). 
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Specific  heat  of  carbon  (t>  900°) ^^  53  X  (<?) 

(Pionchon.) 

Specific  heat  of  oxygen 0-21 14  -f  o'ocxxji 8751        [b) 

(LeChatelier  and  Mallard.) 

Specific  heat  of  carbonic  oxide       0*245 -f- oooo6t  {c) 

(Reguault.) 

Therefore, 

^  +  ^  (t  >  900°)   ""  '9^-^^^  +  (12a  -f  i6b  -  28c)t. 

=  27,785  -f  2-8824t  —  o-ooo3t^ 
Substituting,  we  have 

At    900°,  C  -h  O  =  30,136  3(C  +  O)  =  99,408 

At  1100°,  C  +  O  ==  30,592  3(C  +  O)  ==  91,776 

Adding  these  to  the  values  of  the  reaction  given  by 
Minet's  experiments,  we  have 

At    900°  AP  -f  O^  =  331,000  -f  90,408  =  421,408  cal. 

At  1100°  AP  4-  O^  =  299,460  +  91,776  =  391,236  cal. 
Now,  we  know  that  ato°,  AF  -f-  O"^  =  391,600  calories,  the 
only  difference  between  this  and  the  figures  just  derived 
being  that  the  latter  is  calculated  for  solid  alumina.  For 
liquid  alumina,  we  should  have  to  subtract  from  it  the  latent 
heat  of  fusion  of  alumina.  This  is  not  known,  but  if  we 
estimate  it  at  forty-three  calories  per  kilo  (from  analogy 
with  other  oxides),  we  may  subtract  43  X  102  =  4,400  cal- 
ories. We  then  have  the  heat  of  formation  of  liquid  alu- 
mina from  liquid  aluminium,  as  follows; 

Calories. 

0° 387,200 

900° 421,408 

1100° 391.236 

It  will  be  noticed  that  the  value  has  reached  a  maximum 
between  0°  and  900°,  and  is  rapidly  decreasing ;  in  other 
words,  above  1,000°  alumina  rapidly  becomes  easier  to 
decompose.  A  curve  passing  through  the  above  values 
would  be  of  the  following  form : 

Q  =  387,200  -t  i92'6t  —  o-i7i6tl 

The  question  now  is  :  *'  At  what  temperature  would  the 
heat  of  oxidation  of  our  reducing  agents  equal  the  heat  of 
formation  of  alumina  ?     We  may  fairly  assume  that  if  that 
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point  is  above    the  critical  point  for  the  reaction,  reduction 
will  there  begin. 

Carbon. — The  formula  for  the  heat  of  oxidation  of  carbon 
to  carbonic  oxide  has  already  been  deduced.     We  therefore 

have 

AP  -f-  O'^  =  387,200  +  i92-6t  —  0'\'j\6\} 

3(C  +  O)  =    83,355  -f  8'6472t  —  o  oooQt^ 
When  these  two  expressions  become  equal  to  each  other 

t  =  1980° 

If  liquid  carbon   is    the   reducing   agent,  its  efficacy  is 
about  21,000  calories  greater  than  solid  carbon,  and 


t  =  1940' 


As  verifying  these  calculations,  I  may  refer  to  the  fact 
that  liquid  alumina  is,  beyond  a  doubt,  reduced  by  carbon 
in  electric  furnaces,  because  the  output  of  aluminium  is 
greater  than  the  number  of  amperes  passing  through  the 
furnace  could  theoretically  produce,  and,  also,  because 
decomposition  can  be  produced  by  a  rapidly-alternating 
current,  where  electrolysis  is  out  of  question.  The  tem- 
perature in  such  furnaces  is  probably  about  3,000°.  Again, 
in  a  Pennsylvania  iron  blast  furnace,  in  which  the  tempera- 
ture is  almost  certainly  not  over  2,000°,  as  much  as  one  per 
cent,  of  aluminium  has  been  reduced  into  the  iron.  The 
liquid  carbon  in  the  iron  in  the  crucible  is  here  the  reducing 
agent,  reducing  aluminium  from  a  slag  carrying  as  high  as 
twenty-five  per  cent,  of  alumina. 

It  thus  appears  that  both  calculation  and  practice  unite 
in   showing  that  carbon  begins  to  reduce  alumina  in  the 
neighborhood  of  2,000°  C. 
Hydrogen, — 

W  ^  O  =  69,000  calories  (to  liquid  H^O  at  0°) 

==  58,100         "       (to  vapor  of  water  at  0°) 
Specific  heat  of  hydrogen  =  3*3820  +  0'0003t  {a) 

"         **      "■    oxygen  =  0*2214  +  o'ooooi875t        {b) 
•'         "      ''    water  vapor  =  0-4208  -|- O'ooo 1 82t    {c) 
W  +  O  (at  t°)  =  58,100  +  (2a  +  i6b  —  i8c)t 
=  58,100  +  5*9544t  —  •ooi7i2t^ 
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We  therefore  have 

AP  +  O'^  =  387,200  +  i92-6t  —  o-i7i6t2 
3(H-+  O)  =  174,300  -h  17-8631— 0-005 1 1^ 

When  these  two  expressions  become  equal  to  each  other, 

t  =  1770° 


This  is  just  about  the  melting  point  of  platinum,  and 
may  appear  lower  than  can  possibly  be  the  fact ;  neverthe- 
less, Mr.  H.  Warren,  in  England,  has  recently  succeeded  in 
reducing  alumina  to  aluminium  in  a  current  of  hydrogen 
gas,  the  alumina  being  inside  a  lime  tube  heated  on  the 
outside  by  the  oxyhydrogen  flame.  It  is  hardly  possible 
that  the  temperature  inside  the  tube  could  have  exceeded 
2,000°;  yet  complete  reduction  to  metallic  globules  was 
obtained. 

This  second  confirmation  of  the  calculations  by  experi- 
ment induces  me  to  add,  in  conclusion,  the  following  obser- 
vations : 

Acetylene  gas,  C^H^  has  a  negative  heat  of  formation  of 
51,500  calories.  It  is,  therefore,  just  by  that  much  a  more 
powerful  reducing  agent  than  C^  and  H^  alone.  The  equa- 
tion is  : 

APO^  +  C-H^  =  AP  +  2CO  -f  H^O 

The  thermal  equations  are  : 

AP  +  0'  =  387,200  +  i96-2t  —  0-i7i6t^  {a) 

2(C  +  O)  =    55,570  +  5-7648t—  o-ooo5t2  {b) 

H^   +  O    =    58,100-1- 6-7640t  — 0-0006 1^  {c) 

e  —  H^  =:    51,500  {d) 

making  b  -\-  c  -\-  d  =  a 

t  =  1870^ 

I  am  inclined  to  think  that  this  highly  endothermic 
compound  would  reduce  alumina  at  an  even  lower  tem- 
perature than  this,  because  we  have  not  only  the  benefit 
of  its  great  heat  of  decomposition,  but  we  also  have,  at  the 
moment  when  it  decomposes,  the  carbon  and  hydrogen  atoms 
in  statu  nasceftdi,  and  we  thus  have  all  the  advantages  of  a 
nascent  reducing  agent.     I  need  not,  to  an  audience  of  chem 
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ists,  expatiate  on  the  greater  chemical  activity  of  a  nascent 
reducing  agent. 

The  recent  developments  in  the  manufacture  of  calcium 
carbide  and  acetylene  open  up  a  possibility  in  the  way  of 
reducing  alumina  which  may  bear  fruit.  Allow  me,  at 
least,  to  claim  for  thermo-chemistry,  rightly  understood, 
that  it  is  a  most  helpful  guide  to  intelligent  experiment. 

Lehigh  University,  Bethlehem,  Pa  ,  February  19,  1895. 


The  action  of  MAGNESIUM  upon  the  VAPORS  of 

THE  ALCOHOLS  AND  A  NEW  METHOD  of 

PREPARING  ALLYLENE.-^ 


By  Edward  H.  Keiser  and  Mary  B.  Breed. 


Under  certain  conditions  magnesium  is  one  of  the  most 
active  elements.  At  high  temperatures,  as  is  well  known,  it 
has  the  power  of  reducing  many  of  the  most  stable  oxides, 
and  in  the  absence  of  oxygen  it  can  combine  with  nitrogen 
and  form  a  nitride.  That  magnesium  can  also  unite  with 
carbon  and  form  derivatives  of  the  hydrocarbons  will  appear 
from  the  experiments  described  in  this  paper.  An  ex- 
haustive study  of  the  action  of  magnesium  upon  the  oxides 
and  hydroxides  of  the  elements  has  been  made  by  Winkler 
[Ber.  d.  deutsch.  Ckem,  Ges.  23,  120,  772,  2642), and  Seubert  and 
Schmidt  {Liebigs  Annalen,  267,  218)  have  studied  its  effects 
upon  the  chlorides  of  the  elements.  So  far  as  we  know,  no 
one  has  hitherto  examined  systematically  the  action  of  mag- 
nesium upon  organic  compounds  containing  oxygen.  Pre- 
liminary experiments  showed  us  that  when  magnesium  is 
heated  with  organic  oxygen  compounds,  such  as  alcohols, 
acids,  ketones,  etc.,  a  reaction,  accompanied  by  an  incan- 
descence of  the  metal,  takes  place  at  more  or  less  elevated 
temperatures.      Thus   far  we   have   studied   in   detail   the 

*  Read  at  the  stated  meeting  of  the  Chemical  Section  of  the  Franklin 
Institute,  held  December  18,  1894. 
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action  of  the  metal  upon  several  alcohols,  and,  as  one  of  the 
results,  have  found  a  ready  method  of  obtaining  the  unsat- 
urated hydrocarbon,  allylene,  C3H4. 

The  experiments  were  conducted  as  follows :  The  mag. 
nesium,  in  the  form  of  filings,  was  placed  in  a  porcelain  or 
iron  boat,  and  heated  in  a  combustion  tube  through  which 
the  vapor  of  the  alcohol  was  passed.  Before  raising  the 
temperature  of  the  magnesium,  the  air  in  the  apparatus  was 
expelled  by  the  alcohol  vapor.  At  a  low-red  heat  the  mag- 
nesium begins  to  glow  at  one  end  of  the  boat,  and  usually, 
after  a  few  moments,  it  becomes  red  hot  throughout  its 
entire  mass.  The  boat  and  its  contents  are  then  allowed  to 
cool  down  in  the  alcohol  vapor.  During  the  time  that  the 
magnesium  is  glowing,  large  volumes  of  gas  are  evolved 
from  the  tube.  These  gases  were  in  each  case  collected 
in  a  gasometer,  and  subsequently  analyzed. 

The  first  alcohol  examined  was  methyl  alcohol.  The 
magnesium,  a  at  low-red  heat,  acts  energetically  upon  it. 
After  cooling,  the  residue  in  the  boat  has  the  appearance  of 
a  dark,  black,  coherent  mass.  When  brought  into  water, 
this  black  residue  slowly  gives  off  a  gas.  If  now  a  drop  or 
two  of  a  solution  of  ammonium  chloride  be  added,  a  moder- 
ately rapid  current  of  gas  is  given  off.  This  gas  has  an 
odor  like  that  of  acetylene,  but  when  it  is  conducted 
through  an  ammoniacal  solution  of  cuprous  chloride,  the 
greenish-yellow  precipitate  of  cuprous  allylide  is  formed. 
In  an  ammoniacal  solution  of  silver  nitrate,  a  white  crystal- 
line precipitate  of  silver  allylide  is  obtained.  Both  these 
precipitates,  wh'en  they  are  filtered  off,  washed  and  dried, 
explode  if  they  are  heated  up  to  about  150°.  When 
treated  with  dilute  nitric  or  hydrochloric  acids,  they  dis- 
solve with  an  evolution  of  allylene.  The  silver  precipitate 
can  be  obtained  in  pure  condition  more  readily  than  the 
copper  compound.  An  analysis  of  the  former  gave  the  fol- 
lowing result : 

I.  "1292  grams  gave  "1270  grams  AgCl  =  7397  per  cent.  Ag. 
Calculated  for  CsHgAg,  73-45         "  " 

The  gas  which  was  given  off  during  the  time  that  the 
Vol.  CXXXIX.    No.  832.  20 
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mag-nesium  in  the  porcelain  boat  was  glowing  in  the  methyl 
alcohol  vapor,  gave,  on  analysis,  the  following  results: 

CO, !  .       -8 

CO     -6 

CH, 197 

H 78-9 


lOO'O 


The  action  of  zinc  dust  upon  the  vapor  of  methyl  alcohol 
has  been  examined  by  W.  Jahn  {Monatshefte,  i88o,  1,  378  and 
675),  who  found  that  the  chief  products  were  hydrogen  and 
carbon  monoxide.  As  a  by-product,  a  small  quantity  of 
marsh  gas  was  obtained.  It  is  evident,  from  the  above 
analysis,  that  the  action  of  the  magnesium  is  essentially- 
different,  the  carbon  monoxide  being  practically  absent  in 
the  products  obtained  when  this  metal  acts  upon  the  methyl 
alcohol.  We  have  found  that  another  metal,  namely  iron, 
decomposes  the  methyl  alcohol  vapor  in  the  same  way  that 
zinc  does.  Thus,  when  the  methyl  alcohol  vapor  was  passed 
through  a  tube  containing  iron,  as,  for  example,  a  boat  made 
of  thin  iron  sheet,  the  alcohol  was  decomposed  into  carbon 
monoxide  and  hydrogen.  An  analysis  of  the  gas  thus 
obtained  gave  the  following  results : 

CO2 3-8 

CO 26-8 

CH, 1-6 

H 67-4 


99*6 


In  short,  when  methyl  alcohol  is  passed  over  heated 
metals,  such  as  iron  or  zinc,  it  is  resolved  into  hydrogen  and 
carbon  monoxide ;  if  it  be  passed  over  heated  magnesium, 
the  chief  products  are  hydrogen  and  marsh  gas. 

The  next  alcohol  examined  was  ethyl  alcohol.  The  action 
in  this  case  was  similar  to  that  described  in  the  case  of 
methyl  alcohol.  The  residue  remaining  in  the  boat  was 
treated  with  water  and  a  few  drops  of  ammonium  chloride 
solution,  and  the  gas  that  was  given  off  was  conducted 
through  a  series  of  bottles  containing  an  ammoniacal  solu- 
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tion  of  silver  nitrate.     The  white  crystalline  precipitate,  on 
analysis,  gave  the  following  percentage  of  silver : 

I.   "1 163  grams  gave  •11365  grams  AgCl  =  7353  per  cent.  Ag. 
II.  -0979       "         "       -09615       "         "      =  73*89 
Calculated  for  C3H.,Ag,  73-45 

In  this  case  also,  allylene  is  given  off  when  the  magnesium 
residue  is  decomposed  by  water.  The  gases  formed  during 
the  action  have  the  following  composition : 

CO2 00 

CO     4 

C2H2 100 

C2H, 40 

CH, 1 1  I 

H \  .  : 72  9 

98-4 
The  chief  constituent  again  is  hydrogen.  Carbon  monox- 
ide is  practicall}^  absent,  as  we  should  expect,  knowing  that 
this  gas  is  reduced  by  magnesium.  Acetylene  and  marsh  gas 
are  present  in  about  equal  quantities.  Jahn  found  that  zinc 
dust,  at  low  temperatures,  decomposes  ethyl  alcohol  smoothly 
into  ethylene  and  water,  the  latter  being  reduced  to  hydrogen 
by  the  zinc.  At  higher  temperatures  he  obtained  hydro- 
gen, marsh  gas  and  carbon  monoxide,  and  a  trace  of  acety- 
lene. We  have  found  that  iron  decomposes  ethyl  alcohol 
in  very  much  the  same  way  that  zinc  does  at  elevated  tem- 
peratures. The  gas  obtained  by  passing  ethyl  alcohol  over 
heated  iron  had  the  following  composition : 

CO2 5 

CO 180 

Unsaturated     Ir-rrirTT  a-c^ 

Hydrocarbons  /  ^'^^'^  ^  ^^w* ^^ 

CH4 13-0 

H       638 

99 '3 

Propyl  alcohol  was  examined  in  the  same  way.  In 
this  case  the  black  magnesium  residue  is  decomposed  by 
water  at  the  ordinary  temperature,  and  the  quantity  of 
silver  precipitate  is  very  much  greater  than  in  the  preced- 
ing cases.  So  readily  is  allylene  obtained  from  propyl  alco- 
hol and  magnesium  by  this  method,  that  for  the  purpose  of 
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• 

preparing  the  gavS  for  experiments  on  the  lecture  table  it  is 
much  to  be  preferred  to  the  ordinary  method  of  decompos- 
ing propylene  bromide  with  alcoholic  potash.  Analysis 
of  the  pure  white  silver  allylide  thrown  down  in  the  second 
wash-bottle  from  the  generating  flask  gave,  on  analysis, 
73'39  per  cent,  of  silver. 

•15605  grams  gave  '1522  grams  AgCl  =  73 "39  per  cent.  Ag. 
Calculated  for  CaHgAg  =  73-45 

The  precipitate  in  the  first  wash-bottle  was  not  so  pure ; 
it  evidently  contained  some  silver  acetylide.  On  analysis, 
•20095  grams  gave  '19985  grams  AgCl,  or  74'83  per  cent. 
Silver  acetylide  contains  a  higher  percentage,  namely,  89-99 
per  cent,  of  silver. 

An  analysis  of  the  gases  formed  when  the  magnesium 
acts  upon  propyl  alcohol,  showed  that  in  general  the  action 
is  similar  to  that  which  took  place  in  the  experiments  with 
ethyl  alcohol.     The  analysis  gave  these  figures : 

CO2 o-o 

CO 35 

Unsaturated  hydrocarbons 17  "8 

Saturated  "  .    .    19  9 

H , 57-8 

990 
The  chief  products  of  the  decomposition  of  propyl  alcohol, 
under  the  action  of  magnesium,  are  hydrogen  and  saturated 
and  unsaturated  hydrocarbons,  the  latter  being  present  in 
nearly  equal  volumes.  The  same  alcohol  is  decomposed  by 
heated  iron  in  a  different  way,  the  analysis  of  the  gas  having 
given  the  following  values  : 

CO2      .      -6 

CO 16-4 

Unsaturated  hydrocarbons i6*7 

Saturated  **  23^6 

Hydrogen 42^7 

lOQ-O 

With  zinc  dust,  Jahn  found  that,  at  low  temperatures,  pro- 
pylene and  hydrogen  are  the  chief  products. 

The  other  alcohols  that  have  been  examined  are 
allyl,   isobutyl   and    amyl   alcohols.       The    first   of    these. 
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namely,  allyl  alcohol,  is  even  better  than  normal  propyl  alco- 
hol for  the  preparation  of  allylene.  An  abundant  precipi- 
tate of  silver  allylide  is  obtained,  and  an  analysis  showed 
that  it  was  free  from  silver  acetylide. 

I.   •17185  grams  gave  '16735  grams  AgCl  =  73"27  per  cent.  Ag. 
Calculated  for  C3H3  Ag  =73-45 

In  this  case  the  precipitate  obtained  in  the  first  wash- 
bottle  gave,  on  analysis,  a  result  which  showed  that  it  con- 
tained no  silver  acetylide. 

"16705  grams  gave  "1620  grams  AgCl  =  72  97  per  cent.  Ag. 

For  C3H3Ag  =  73  45 

The  ease  with  which,  from  a  few  cubic  centimeters  of 
propyl,  or  allyl,  alcohols  and  a  few  grams  of  magnesium 
powder,  an  appreciable  quantity  of  allylene  silver  can  be 
obtained,  makes  this  method  of  preparing  allylene  much 
more  convenient  than  the  one  ordinarily  used. 

From  isobutyl  alcohol  and  magnesium,  a  residue  was 
obtained,  which,  on  treatment  with  water  and  ammonium 
chloride,  gave  a  gas  which,  besides  hydrogen,  contained 
acetylene  and  allylene,  as  was  shown  by  the  percentage  of 
silver  in  the  silver  precipitate. 

•18335  grams  gave  ■18845  grams  AgCl  =  77-33  per  cent.  Ag. 

From  amyl  alcohol  the  yield  of  silver  precipitate  was  not 
very  large,  but  here  also  the  unsaturated  hydrocarbon  was 
allylene. 

•08585  grams  gave  -08365  AgCl  =  73"3i  per  cent.  Ag. 

Other  alcohols  and  organic  compounds  containing  oxygen 
will  be  investigated  in  a  similar  way. 


NOTES  AND  COMMENTS. 


ISOLATION  OF  HYDROGEN  PEROXIDE. 
Anhydrous  hydrogen  peroxide  has  at  last  been  isolated  by  Dr.  Wolffen- 
stein  in  the  laboratory  of  the  Technischen  Hochschule  at  Berlin,  and  the 
somewhat  surprising  fact  demonstrated  that  this  substance,  which  has  hitherto 
been  regarded  as  possessing  but  little  stability,  is  capable  of  actual  distillation 
with  scarcely  any  loss  under  reduced  pressure. 

*  From  the  Secretary's  monthly  reports. 
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In  attemplinjj  to  concentrate  solutions  of  hydrogen  peroxide  in  vacuo  by 
the  method  of  Talbot  and  Moody,  and  also  in  the  open  air  upon  the  water 
bath,  a  solution  as  strong  as  sixty-six  per  cent.  HgOo  was  obtained,  but  with  a 
loss  of  over  seventy  per  cent,  of  the  original  amount  of  peroxide  employed. 
Moreover,  it  was  found  that  when  the  common  commercial  three  per  cent, 
solution  is  concentrated,  the  percentage  of  HoOo  may  be  brought  up  to  forty- 
five  without  the  loss  of  any  considerable  quantity  of  the  peroxide  by  volatili- 
zation, but  that  as  the  concentration  continues  to  rise  above  this  limit  the 
volatilization  of  the  peroxide  increases  at  a  very  rapid  rate;  for  the  great 
loss  was  proved  to  be  due  not  to  decomposition,  but  to  actual  vaporization  of 
the  substance.  Evidently  hydrogen  peroxide  is  remarkably  stable  at  the 
temperature  of  a  water  bath.  An  attempt  was  therefore  made  to  actually 
distill  it  under  reduced  pressure.  A  quantity  of  commercial  peroxide  which 
had  been  further  concentrated  until  it  contained  about  fifty  per  cent.  H2O2  was 
first  purified  from  all  traces  of  suspended  impurities,  and  at  the  same  time 
still  further  concentrated  by  extraction  with  ether.  After  evaporation  of  the 
ether  the  solution  was  found  to  contain  seventy-three  per  cent.  H2O2. 

This  solution  was  then  submitted  to  distillation  at  the  temperature  of  the 
water  bath  and  under  the  reduced  pressure  of  sixty-eight  milhmetres  of  mer- 
cury. The  distillate  was  received  in  two  fractions,  boiling  at  7i°-8i°  and 
8i°-85°  respectively.  The  first  fraction  contained  forty-four  per  cent.  HoO^ , 
while  the  latter  was  found  to  contain  no  less  than  90*5  per  cent.  Upon  again 
fractionally  distilling  the  latter  product,  a  large  proportion  distilled  at  84°-85°, 
and  this  fraction  proved  to  be  practically  pure  H2O2,  containing  over  ninety-nine 
per  cent,  of  the  peroxide.  The  liquid  thus  isolated  is  a  colorless  syrup  which 
exhibits  but  little  inclination  to  wet  the  surface  of  the  containing  vessel. 
When  exposed  to  the  air  it  evaporates.  It  produces  a  prickly  sensation  when 
placed  upon  the  skin,  and  causes  the  appearance  of  white  spots,  which  take 
several  hours  to  disappear  again.  As  regards  the  much-discussed  and  dis- 
puted question  of  the  reaction  of  hydrogen  peroxide  toward  litmus.  Dr. 
Wolffenstein  finds  that  even  when  the  pure  liquid  is  made  strongly  alkaline 
with  soda  and  again  distilled,  the  distillate  exhibits  strong  acid  characters,  so 
that  the  acid. nature  of  hydrogen  peroxide  must  be  regarded  as  fully  estab- 
lished. It  is  finally  shown  that  the  use  of  ether  in  assisting  the  concentration 
is  by  no  means  essential.  Ordinary  commercial  three  per  cent,  peroxide  can 
be  immediately  subjected  to  fractional  distillation  under  reduced  pressure, 
and  a  fraction  eventually  isolated,  consisting  of  the  pure  substance  boiling  at 
84°-85°  under  a  pressure  of  sixty-eight  millimetres. — London  Nature, 


PROGRESS  OF  IRRIGATION. 

The  Scientific  Amf^rican  gives  the  following  interesting  summary  of  the 
progress  which  is  being  made  in  the  work  of  reclaiming,  for  the  purposes  6f 
agriculture,  the  vast  tracts  of  arid  land  in  the  far  West : 

The  irrigated  and  irrigable  lands  of  the  western  part  of  the  United  States 
are  mainly  included  between  the  one-liundreth  meridian  and  the  Pacific 
Ocean,  and  comprise,  according  to  official  surveys,  about  610,000,000  acres. 
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Within  this  great  extent  of  country  are  nearly  all  possible  combinations  of 
soil  and  climate.  In  a  general  way,  however,  four  great  classes  may  be  distin- 
guished. These  are  desert,  pasture,  tire-wood  and  timber  lands.  Of  these, 
the  desert  land  is  practically  valueless,  the  pasture  land  is  too  arid  to  sup- 
port vegetation  and  maybe  used  only  as  a  pasturage,  and  only  the  latter  two 
divisions  are  more  or  less  fertile.  The  irrigated  sections  are  included  in  the 
desert  and  pasture  lands.  At  present  some  3,631,381  acres  (or  less  than  six- 
tenths  of  one  per  cent,  of  the  entire  region)  have  been  provided  with  an  arti- 
ficial water  supply  sufficient  to  raise  crops. 

The  proportion  of  this  desert  or  pasture  land  which  may.  in  the  future,  be 
brought  under  irrigation  depends,  of  course,  upon  the  thoroughness  and 
ingenuity  with  which  the  water  supply  is  utilized,  but  it  is  probable  that  it 
will  be  under  three  per  cent,  of  the  entire  area.  Statistics  show,  however, 
that  irrigation  is  a  profitable  measure  and  cannot  be  neglected.  The  aver- 
age cost  of  water  for  irrigation  throughout  this  section  is  at  the  rate  of  $8. 15 
per  acre.  Applying  these  figures  to  the  total  acreage  the  total  first  cost  of 
irrigating  the  lands  last  year  was  about  $30,000,000,  and  the  total  value  of 
the  water  right  was  $94,412,000,  the  increase  of  valuing  being  $64,800,000,  or 
218-84  per  cent,  of  the  investment.  The  estimated  first  cost  of  the  irrigated 
lands  from  which  crops  have  been  obtained  was  $77,500,000  in  1889,  and 
their  present  value,  including  the  improvements,  is  $296,850,000,  showing 
an  increased  value  of  $219,360,000,  or  283*08  per  cent,  of  the  investment  in 
the  land.  The  average  value  of  the  crop  raised  was  $14.89  per  acre,  or 
a  tot<il  of  $53,057,000.  This,  it  must  be  considered,  exhibits  merely  the 
cost  and  value  of  irrigation  in  the  arid  regions.  The  value  of  the  unutil- 
ized water  supply  can  scarcely  be  estimated. 

During  the  past  four  years  the  Federal  Government  has  done  much  to 
further  the  work  of  irrigation  by  establishing  an  irrigation  survey  and  by 
appointing  State  engineers  in  California,  Colorado  and  Wyoming,  whose 
duties  are  practically  confined  to  irrigation . 

At  present  the  irrigation  of  this  region  is  carried  on  by  what  is  called 
gravity  irrigation. 

The  different  systems  adopted  by  modern  engineers  may  be  classified  as 
perennial,  periodical  and  storage  work,  by  irrigation  from  artesian  wells  and 
from  sub-surface  sources.  The  perennial  irrigation  includes  the  supply  of 
water  from  canals  which  receive  their  supply  from  streams  which  give  a  con- 
stant supply  of  water  throughout  the  entire  year. 

Periodical  irrigation  includes  the  canals  which  have  a  supply  only  at  cer- 
tain seasons  of  the  year.  A  more  common  plan,  however,  is  the  storage 
system.  The  dams  fcr  this  system  are  generally  constructed  on  intermittent 
streams  for  the  purposing  of  receiving  and  preserving  their  flood  waters. 

The  irrigation  from  artesian  wells  is  practiced  wholly  by  means  of  canals, 
which  convey  the  water  to  the  land  directly  from  the  wells.  And  the  irriga- 
tion from  ground-water  sources  is  performed  by  tunnels  under  the  beds  of 
streams,  which  tap  some  water-bearing  stratum,  or  by  cuts  in  sloping  ground, 
by  wells  to  collect  the  ground-water  and  by  similar  contrivances. 

The  work  of  irrigation  calls  for  much  skill   and   scientific  knowledge. 
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Climate,  geology  and  toj)Ography  must  all  be  considered  in  the  work.  It  is 
to  be  hoped  that  the  skilled  engineers  now  at  work  on  the  subject  will  pro- 
vide an  economical  and  efficient  system  for  the  future. 


AS  TO  THE  SIN  OF  PLAGIARISM:  SOME  REFLECTIONS.  IRON- 
ICAL AND  OTHERWISE. 

There  are  occasions  when  the  display  of  virtuous  indignation  is  proper, 
even  highly  praiseworthy,  and  the  writer  can  sympathize  with  the  sentiment 
which  induced  the  Western  Foundrymen's  Association,  at  one  of  its  re- 
cent monthly  meetings,  to  expurgate  its  records  by  withdrawing  therefrom  a 
paper  which  had  manifestly  been  copied,  without  credit  to  the  author,  from  a 
published  book. 

The  history  of  the  event  to  which  the  above  remarks  apply  is  given  in 
sufficient  detail  for  the  present  purpose,  in  the  following  extract  from  the  pro- 
ceedings of  the  meeting  of  that  Association,  which  appeared  in  The  Iron 
Age  of  February  28,  1895,  viz.  : 

PLAGIARISM    OF   SISSON'S    "  A    B   C    OF   IRON." 

The  Investigating  Committee,  appointed  by  the  Chair,  returned  and  pre- 
sented the  following  report : 

"  Your  committee  respectfully  report  that  they  have  compared  the 
paper  presented  by  Chas.  Johnson  with  Sisson's  "  AB  C  of  Iron,"  and  find 
that  it  is  almost  entirely  copied  from  that  book.  We  therefore  recommend 
that  the  following  resolution  be  adopted,  and  that  the  Secretary  be  authorized 
to  carry  out  its  instructions  : 

"  Resolved,  It  having  been  found  that  the  paper  by  Charles  Johnson,  read 
at  the  last  meeting  of  this  Association,  should  not  have  been  presented  as  an 
original  paper,  the  Secretary  is  instructed  to  withdraw  it  from  the  records  of 
the  Association,  together  with  all  resolutions  relative  thereto." 

The  report  of  the  committee  was  adopted  and  ordered  spread  upon  the 
records. 

The  reading  of  this  somewhat  severe  public  rebuke  aroused  the  curiosity 
of  the  writer  to  examine  the  book  with  the  alphabetical  title  ;  for,  as  imitation 
is  said  to  be  the  sincerest  form  of  flattery,  it  was  reasonable  to  believe  that 
what  was  worth  the  trouble — not  to  mention  the  risk — of  stealing,  must  have 
some  merit  or  value. 

Here  is  what  the  examination  disclosed  : 

Sisson's  book  is  an  octavo  of  ninety-nine  pages,  of  which  about  fifty 
pages  are  actually  credited,  either  by  honest  quotation  marks  or  by  present- 
ing the  names  of  authors  (though  in  very  subordinate  type),  to  their  legiti- 
mate sources. 

With  the  possible  exception  of  a  chapter  of  three  pages  on  "  How  to 
Reduce  Cost  of  Mixture,"  concerning  which  Mr.  Sisson  is  entitled  to  the 
benefit  of  the  doubt,  the  remainder  of  the  book  is  simply  a  piece  of  patch- 
work made  by  a  bungling  amateur,  with  the  aid  of  scissors  and  paste-pot  and 
conjunctions. 

The  source  of  much  of  Sisson's  uncredited  material  is  made  sufficiently 
clear  by  the  method  of  the  deadly  parallel  column  employed  in  the  following 
exposition  : 
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"  PIG  IRON, 

"  Inrliuiin^'  the  Relation  Between  its 

Physical     Properties     and     its 

Chemical  Constituents. 

"  By  Alex.  E.  Outekbridge,  Jr., 

** Journal  of  the   Franklin    Institute, 
March,  iSSS. 

"  Manufacturers  are  beginning  to 
realize  that  pig  iron  is  not  a  simple 
substance,  L,'it  is,  in  reality,  an  alloy,  ! 
composed  of  a  number  of  dissimilar 
elements  ;  that  its  physical  character- 
istics, such  as  strength,  elasticity,  etc.,  \ 
depend  upon  the  percentages  of  these 
constituents,  and  that  pure  iron,  like 
pure  gold,  is  always  the  same  thing 
physically  and  chemically,  no  matter 
from  what  source  it  may  be  obtained. 

"  We  believe  that  the  time  is  com- 
ing when  pig  iron  will  be  sold  on  its 
chemical  analysis,  mstead  of  on  the 
crude  methods  of  gradmg  at  present 
in  vogue,  and  further,  that,  as  the 
naturalist  can  accurately  tell  the  genus 
of  an  animal  from  an  examination  of 
a  single  bone,  so  the  analyst  will  tell 
the  physical  qualities  of  a  mass  of 
iron  from  an  analysis  of  its  compo- 
nent parts. 

"The  element  which  exerts  the 
most  vital  influence  upon  the  charac- 
ter of  pig  iron,  is  carbon. 

•'  Carbon  exists  in  pig  iron  in  two 
distinct  forms,  and  upon  the  relative 
proportion  of  each  depends,  in  great 
measure,  the  character  of  the  metal. 


"  SiUcon  stands  next  in  import- 
ance to  carbon,  in  respect  to  its  effect 
upon  the  character  of  the  metal.  It 
exerts  a  controlling  influence  upon 
the  chilling  propeities  of  the  iron, 
since  its  tendency  is  to  prevent  the 
chemical  combination  of  the  carbon 
and  iron.  *  ^  *  The  notion  has 
long  prevailed  (like  many  other  falla- 
cies born  of  ignorance)  that  silicon 
produces  '  blow-holes,'  or  unsound 
castings,  but  such  is  not  the  case. 

"  Phosphorus,  as  an  element  in 
pig  iron,  tends  to  render  the  molten 
metal  very  limpid,  so  that  it  will  take 
an  extremely  fine  and  sharp  casting 
trom  the  most  delicate  patterns. 


"THE  ABC  OF  IRON. 
"  By  Chas.  W.  Sisson. 
''Louisville,  Ky.,  i8gj. 


"  Manufacturers  now  realize  that 
pig  iron  is  not  a  simple  substance, 
but  is,  in  reality,  an  alloy,  composed 
(sic)  of  a  numlDer  of  elements  very 
dissimilar  ;  that  its  physical  charac- 
teristics, strength,  elasticity,  etc.,  de- 
pend upon  the  percentages  of  these 
elements  (third  line  of  Introductory, 
et  seq).  ^  *  *  Pure  iron,  like  pure 
gold,  is  always  the  same  thing  physi- 
cally and  chemically,  no  matter  from 
what  source  it  comes  (p    44).  ^     ■>«•     * 

"  We  feel  that  the  time  is  not  far 
distant  when  all  iron  must  be  sold  on 
basis  of  analysis  (p.  45).     ■»«•     *     -^ 

"  There  is  no  reason  why  a  chem- 
ist should  not  tell  the  physical  quali- 
ties of  pig  iron  from  an  analysis  as 
easily  and  accurately  as  the  naturalist 
can  tell  the  genus  of  an  animal  from 
an  examination  of  a  single  bone  (p. 
44)- 

"Carbon  exerts  the  most  vital  in- 
fluence on  pig  iron  of  all  the  ele- 
ments (p.  21). 

"  It  (carbon)  exists  in  pig  iron  in 
two  distinct  forms,  the  combined  and 
graphitic,  and  upon  the  relative  pro- 
portion of  each,  in  a  great  measure, 
depends  the  character  of  the  metal 
(p.  21). 

'■  Next  to  carbon,  silicon  is  the 
commonest  and  most  abundant  con- 
stituent of  cast  iron.  *  *  -x-  Xhe 
effect  of  silicon  is  to  change  the  com- 
bined carbon  into  graphitic  carbon. 
■^  "^  *  It  increases  the  fusibility 
and  fluidity  of  iron,  lessens  the  for- 
mation of  blow-holes,  and  reduces 
shrinkage  (p.  25). 


"  Its  tendency  (phosphorus)  is  to 
render  the  metal  very  limpii,  so  that 
it  will  take  an  extremely  fine  and 
sharp  casting  from  the  most  delicate 
p..t:erns. 
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"The  famous  Herlin  castings  of 
reproductions  in  iron  of  ancient 
aimor,  and  other  ornamental  objects, 
are  obtained  by  using  iron  rich  in 
phosphorus,  but  it  possesses  the  dis- 
advantage of  rendering  the  metal 
brittle  and  unfit  for  many  practical 
uses.  *  *  *  The  percentage  of 
phosphorus  in  pig  iron  may  vary 
from  a  trace  to  one  and  one-half  per 
cent. 

"Sulphur  is,  without  doubt,  the 
most  deleterious  substance  found  in 
pig  iron.  The  other  elements  all 
produce  effects  which  may  be  benefi- 
cial for  ceitain  purposes,  but  sul- 
phur is  an  enemy  greatly  to  be 
dreaded,  since  it  has  a  strong  affinity 
for  iron,  combining  with  it  at  a  low 
temperature.     -^    -^     * 

"  The  presence  of  sulphur  in  pig 
iron  is  due  mainly  to  bad  fuel. 

"The  chemistry  of  iron,  in  its 
connection  with  the  manufacture  of 
Bessemer  steel,  has,  from  the  neces- 
sities of  the  case,  been  carried  to  a 
fine  degree  of  perfection,  but  it  is  a 
matter  of  surprise  that  so  little  is 
known  practically  in  the  foundry  and 
workshops  in  regard  to  the  cause  of 
these  wide  variations,  which  are  a 
fiequent  source  of  difficulty  in  manipu- 
lation of  the  metal,  and  loss  of  time, 
money  and  labor. 

"  The  subject  is,  however,  begin- 
ning to  attract  a  share  of  the  scientific 
attention  which  has  been  bestowed 
upon  the  chemistry  of  steel,  and  upon 
which  the  success  of  that  industry  so 
largely  depends. 

"NOTES   ON  THE   BLAST    FUR- 
NACE. 

"  BY   JOHN    HARTMAN. 

*^  Journal  of  the  Franklin   Institute, 
August,  i8g2, 

'Standard  No.    i.  Pig  Iron. 

"  Gray. — A  large,  dark,  open-grain 
iron,  softest  of  all  the  numbers,  and 
used  exclusively  in  the  foundry.  Ten- 
sile strength,  low.  Elastic  limit,  low. 
Fracture,  rough.  Turns  soft  and 
tough. 

"  No.  2.     Pig  Iron. 

"Gray. — A  mixed  large  and  small 
dark   grain,  harder   than  No.  i  iron. 


"  The  famous  Berlin  castings  of 
reproductions  in  iron  of  ancient 
armor,  and  other  ornamental  objects, 
are  obtained  by  using  iron  rich  in 
phosphorus,  but  it  possesses  the  dis- 
advantage of  rendering  the  metal 
brittle  and  unfit  for  many  practical 
uses  (p.  29).  *  *  *  The  percentage 
of  phosphorus  in  pig  iron  varies  from 
a  trace  to  one  and  one-half  per  cent. 

IP-  30) 

"  Sulphur   is,   without    doubt,  the 

most  deleterious  substance  found  in 
pig  iron.  The  other  elements  all 
produce  effects  which  may  be  benefi- 
cial for  certain  purposes,  but  sul- 
phur is  the  enemy  dreaded  by  all. 
on  account  of  its  affinity  for  iron  com- 
bining with  it  at  a  low  temperature 

(P-  34). 

"  The  presence  of  sulphur  in  pig 
iron  is  due  mainly  to  its  absorption 
from  the  fuel  (p.  34). 

"  The  success  of  the  steel  industry 
is  largely  due  to  the  scientific  atten- 
tion bestowed  upon  the  chemistry  of 
steel,  and  its  manufacture  has  been 
carried  to  a  fine  degree  of  perfection. 
There  is  no  reason  why  iron  should 
not  reach  the  same  perfection  and  be 
sold  by  analysis,  as  steel  is  (p.  45). 


"THE  A  B  C  OF  IRON. 
"  By  Chas.  W    Sisson. 
''Louisville.  Ky.,  iSgj. 


"No.  I  Foundry  is  the  darkest  of 
the  numbers  as  well  as  the  softest,  as 
it  contains  the  most  graphitic  carbon, 
and  is  used  exclusively  in  the  foundry. 
In  appearance  the  fracture  is  dark  in 
color,  rough,  open  grain ;  tensile 
strength  and  elastic  limit,  low ;  turns 
soft  and  tough  (p.  37). 

"Ac).  2  Foundry  is  more  genera  ly 
used   with    foundry    than   any   other 
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and  used  exclusively  in   the  foundry,  j^rade.     The  grain  is  not  so  open  and 

Tensile    strenj^ih    and     elastic    limit  lar>,'e  as  No.  i    Foundry,  but  the  iron 

higher   than    No.     i.     Fracture,    less  is  harder  and   stronger,  although  less 

rough  than  No.  i.    Turns  harder,  less  tough  and  more  brittle  (p.  37). 
tough  and  more  brittle  than  No.  1. 


"  No.  3.  Pig  Iron. 
"  Gray. — Small,  gray,  close  grain, 
harder  than  No.  2  iron,  used  either  in 
the  rolling  mill  or  foundry.  Tensile 
strength  and  elastic  limit  higher  than 
No.  2.  Turns  harder,  less  touoh  and 
more  briiile  than  No.  2.  *  "^  * 
Graphitic  carbon  lower,  and  combined 
carbon  higher  than  No.  2.  *  *  * 
The  strength  for  tension  culminates  in 
No.  3  pig  iron. 

"  No.  4.  Pig  Iron. 
"  Mottled.  —  White  background, 
dotted  closely  with  small  black  spots  of 
graphitic  carbon,  little  or  no  grain. 
Used  exclusively  in  the  rolling  mill. 
Tensile  strength  and  elastic  limit  lower 
than  No.  3.  Turns  with  difficulty, 
less  tough  and  more  brittle  than  No.  3 
*  *  ^  Graphitic  carbon  lower  and 
combined  carbon  higher  than  No.  3. 

"No.  5.     Pig  Iron. 
"  White. — Smooth,  white   fracture, 


'' No.  J  Foundry  is  used  for  both 
mill  and  foundry  purposes.  It  is 
much  stronger  than  Nos.  i  and  2,  the 
orain  being  closer  and  more  compact. 
It  turns  hard,  is  less  tough  and  more 
brittle  than  No.  2,  The  strength  for 
tension  seems  to  reach  its  limit  in  this 
grade.  *  *  *  The  percentages  of 
graphitic  carbon  and  silicon  are 
snialler  and  contained  carbon  larger 
than  in  No.  2  "  (p.  38). 

''Motilid.—  *  *  *  Mottled  iron 
is  used  exclusively  for  puddling  pur- 
;  poses.  Turns  with  great  difficulty, 
j  less  tough  and  more  brittle  Gray  Forge. 
Graphitic  carbon  and  silicon  lower 
than  in  Gray  Forge  and  combined  car- 
bon higher  "  (p.  38). 


••  rfV///^.  _ 


*      It    has    a 


no  grain,  used  exclusively  in  the  roll-  •  smooth,  white  frac  ture,  no  grain,  and  is 
ing  mill.  Tensile  strength  and  elastic  j  used  exclusively  in  a  (sic)  rolling  mill  ; 
Iim.it  much  lower  than  No.  4.  Too  I  tensile  strength  and  elastic  limit  very 
hard  to  turn  and  more  brittle  than  |  low ;  too  hard  to  turn  or  drill,  as  the 
No.  4.  *  *  *  The  patches  are  |  carbon  in  this  grade  is  about  all  in  the 
small  and  closer,  but  no  grain.  No  j  combined  state  "  (p.  39). 
graphitic  carbon,  all  combined  car- 
bon." 

Other  "adaptations,"  familiar  though  elusive,  crop  out  elsewhere  in  this 
interesting  production  of  Mr.  Sisson.  But  enough  has  been  shown  in  the 
comparative  exhibit  to  make  it  clear,  that  however  proper  and  even  praise- 
worthy may  have  been  the  virtuous  indignation  of  the  foundrymen  over  the 
unhandsome  behavior  of  Mr.  Johnson,  the  emptying  of  the  vials  of  their 
wrath  on  his  devoted  head  for  the  crime  of  re-cribbing  from  Sisson,  was  not 
only  too  severe  upon  the  unlucky  subject  of  their  displeasure,  but  under 
the  circumstances,  was  an  act  which,  without  violating  the  proprieties,  might 
even  be  called  ridiculous. 

Mr.  Sisson's  method  of  "adapting"  other  men's  work  is  simplicity  itself, 
and  consists  merely  in  judiciously  sprinkling,  throughout  his  book,  portions 
of  sentences  which  were  continuous  in  the  original.  He  leaves  himself  a 
loop-hole  for  escape  from  the  charge  of  moral  delinquency,  in  the  event  of 
detection,  by  the  comprehensive  statement  in   his  introduction,  that  "except 
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where  extended  quotations  are  given  no  mention  is  made  of  the  authority, 
for  the  reason  that  it  often  became  necessary  to  change  the  language  to  have 
it  simple  and  readily  understood."  (Here's  richness,  as  Mr.  Squeers  would 
say). 

It  is  evident  that  there  is  nothing  mean  about  Mr.  Sisson.  He  not  only 
appropriates  the  work  of  others  without  credit,  but  is  generous  enough  also 
to  assume  to  improve  upon  it. 

As  an  example  of  such  improvement  take  the  following  :  In  speaking  of 
silicon  in  his  lecture,  Mr.  Outerbridge  had  said  :  "  Its  tendency  is  to  produce 
an  exceedingly  fluid  iron,  retaining  its  heat  for  a  long  time,  owing,  I  believe,  to 
a  fact  not  generally  known,  that  the  specific  heat  of  iron  rich  in  silicon  is 
much  higher  than  that  of  a  similar  grade  of  iron  containing  but  little  of  that 
element."  It  would  seem  that  there  was  too  much  "  high  science"  in  this 
for  Mr.  S,  He  accepted  the  "  fluidity,"  but  evidently  thought  the  "specific 
heat  "  part  of  the  statement  needed  simplification,  and  hit  upon  "  fusibility"  as 
a  synonym.  Accordingly,  the  sentence  is  made  to  read:  "  It  increases  the 
fusibility  and  fluidity  of  iron." 

Again,  Mr.  Outerbridge  had  found  as  the  result  of  some  hundreds  of 
experiments  that  the  addition  of  a  small  quantity  of  ferro  manganese  (one 
pound  in  600  pounds  of  iron),  increased  strength  forty  per  cent,  and  decreased 
chill.  Mr.  S.  says  (p.  32) :  "  An  increase  of  one  per  cent,  manganese  has 
increased  the  hardness  forty  per  cent.;"  and  in  the  next  sentence  adds  : 
"  Mr.  Keep's  tests  show  that  manganese  does  not  increase  chill." 

As  inci eased  chill  and  increased  hardness  go  together,  irrespective  of 
manganese,  this  wild  shot  at  "  simplifying  "  what  he  did  not  understand, 
if  not  quite  a  bull's-eye,  is  just  near  enough  to  be  a  "  bull ;"  and,  with  other 
attempts  of  the  author  at  simplification — not  to  speak  of  his  frequent  efforts 
to  improve  the  accepted  spelling  of  English — may  stand  as  a  conspicuous 
illustration  of  the  fact  that  "  a  little  knowledge  is  a  dangerous  thing." 

W. 


TESTS  OF  NON-CONDUCTING  PIPE  COVERINGS. 

A  series  of  tests  have  been  made  at  the  St.  Louis  Water  Works  by  John 
A.  Laird,  to  select  the  most  suitable  covering  for  pipes,  boiler  shells,  etc.,  in 
the  new  pumping  station  at  the  Chain  of  Rocks.  The  report  appears  in  the 
"  Proceedings  "  of  the  Association  of  Engineering  Societies.  There  were 
purchased  asbestos  sponge  moulded  sectional  covering,  asbestos  fire-felt  sec- 
tional covering  and  magnesia  sectional  covering,  all  for  one-inch  pipe. 
Also,  asbestos  sponge  cement  felting,  asbestos  cement  felting,  plastic  mag- 
nesia and  fossil  meal.  Tests  were  also  made  on  plaster  of  Paris  and  saw- 
dust, moulded  into  covering  for  one-inch  pipe. 

The  different  coverings  were  subjected  to  chemical  examination  by  Mr. 
Wixford,  chemist  of  the  water  works,  with  the  following  approximate  results ; 

Asbestos  Sponge  {Moulded). 

Plaster  of  Paris 95*8 

Fibrous  asbestos 4*^ 
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Asbestos  Fire  Felt. 

Asbestos 82 

Carbonaceous  matter  rot  determined i8" 

4    Magnesia  {^Sectional). 

Magnesia 923 

Fibrous  asbestos 7'8 

Magnesia  {Plastic). 

Magnesium  carbonate 93' 

Fibrous  asbestos , 7' 

Asbestos  Cement  Felting. 

(Probably)  powdered  limestone 645 

Plaster  of  Paris 3'5 

Asbestos 32' 

Asbestos  Sponge  Cement  Felting. 

(Probably)  powdered  limestone 59* 

Plaster  of  Paris , lo* 

Asbestos 31" 

Fossil  Meal. 

Insoluble  silicate 80* 

Carbonaceous  matter,  hair,  paper,  sawdust,  etc 12' 

Soluble  mineral  matter 8' 

On  all  condensation  tests  the  gauge  pressure  was  held  at  twenty-five 
pounds.  The  water  was  drawn  off  every  fifteen  minutes  and  was  measured 
in  cubic  centimeters.  Each  test  was  continued  for  four  hours.  The  mean 
results  are  tabulated  below. 

Condensation  Tests. 

C.c. 
Condensed 
Name  of  Covering.  Per  Hour. 

Magnesia  (plastic) 334* 

Magnesia  (sectional) , 335'3 

Asbestos  fire-felt 367*5 

Asbestos  sponge  (moulded) 37i'3 

Fossil  meal 376*2 

Plaster  of  Paris  and  sawdust 438" 

Asbestos  fire-felt  cement 563' 7 

Asbestos  sponge  cement 604* 

Bare  pipe loSs* 

On  the  question  of  durability,  Mr  Laird  states  that  the  magnesia  sectional 
covering  which  has  been  on  pipe  at  Bissell's  Point  for  four  years  shows  no 
signs  of  deterioration  ;  also  that  the  asbestos  sponge  moulded  covering  which 
has  been  on  pipes  at  Harlem  Creek  for  less  than  two  years  is  becoming  soft, 
and  the  plaster  of  paris  seems  to  be  reduced  back  to  the  original  powder, 
with  nothing  but  the  fibrous  asbestos  to  hold  it  together.  Another  question 
is  that  of  steam  pressure.  The  experiments  were  made  at  the  High  Service 
Station,  No.  2,  and  it  was  found  convenient  to  have  all  tests  made  at  twenty- 
five  pounds  gauge  pressure.  As  the  working  pressure  at  Chain  of  Rocks 
will  be  at  least  125  pounds,  the  relative  efficiency  of  insulation  will  be  slightly 
changed,  but,  in  Mr.  Laird's  opinion,  not  enough  to  change  the  conclusions 
here  arrived  at. — Iron  Age, 
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A  Laboratory  Ma7iual  of  Physics  and  Applied  Electricity. — Arranged  and 
edited  by  Edward  L.  Nichols,  I'rofessor  of  Physirs  in  Cornell  Univer- 
sity. In  two  volumes.  Vol.  i,  Junior  Course  in  General  Physics.  By 
Ernest  Merritt  and  Fredk.  J.  Rogers,  New  York  and  London:  Mac- 
millan  &  Co.     1894. 

One  of  the  best  evidences  of  the  remarkable  changes  in  the  methods  of 
instruction  in  modern  schools  of  engineering  in  the  United  States  is  afforded 
by  the  text-book  now  under  consideration.  The  plan  of  the  work  assumes 
that  the  student  has  access  to  physical  apparatus  and  that  he  shall  be  required 
to  conduct,  under  his  own  supervision,  the  experimental  work  of  testing  and 
verifying  the  principles  of  the  sciences  on  which  his  intended  professional 
work  is  based.  Nothing  more  unlike  the  methods  of  twenty  years  ago  in 
our  best  scliools  could  be  imagined. 

The  present  volume  has  been  edited  by  Professor  Nichols,  with  the  aid  of 
his  assistant  instructors,  to  supply  the  needs  of  the  student  in  the  physical 
praktikum,  which  the  existing  manuals  on  physics  are  found  to  meet  only  in 
an  inadequate  manner.  The  method  pursued  is  to  follow  the  statement  of  a 
proposition  by  an  experimental  demonstration  bearing  directly  upon  it,  and 
to  verify  each  step  as  the  student  goes  along.  A  text-book  for  more  advanced 
students,  arranged  on  the  same  general  lines,  is  presently  to  follow.         W. 


The  Steam  Eftgine  and  Other  Heat  Engines. — By  J.  A.  Ewing,  M.A  ,  B.Sc, 
F.R.S.,  M.  Inst.,  C.E.,  Professor  of  Mechanism  and  Applied  Mechanics  in 
the  University  of  Cambridge.     University  Press  :  Macmillan  &  Co.    $3.75. 

This  work,  by  an  author  of  acknowledged  reputation,  not  only  in  his  own 
line — that  of  mechanics — but  also  in  the  allied  subject  of  electricity,  naturally 
excites  anticipations  of  a  favorable  character.  Study  of  its  pages  proves  no 
disappointment.  The  book  is,  in  some  respects,  quite  different  from  any 
other  text-book  on  the  subject,  and  is  written  in  the  clear  and  masterly  style 
always  characteristic  of  Professor  Ewing's  work,  and  happily  different  from 
the  confused  and  complicated  verbiage  of  the  majority  of  English  technical 
writers. 

The  work  is,  as  a  whole,  based  on  the  article  on  "  Steam  Engine,"  written 
by  Professor  Ewing  for  the  Encyclopaedia  Brittanica,  but  is  much  more  com- 
plete than  that  article,  and  systematized,  and  in  its  present  form  is  offered  so 
as  to  be  more  useful  for  reference. 

The  aim  of  the  author  has  been  to  collate  and  make  evident  the  relation 
of  steam-engine  theory  and  practice.  Starting  out  with  a  chapter  on  the  early 
history  of  steam  and  heat  engines,  and  tracing  its  gradual  evolution,  there 
follow  a  number  of  chapters  devoted  to  the  dynamic  theory  of  steam  and  the 
application  of  this  theory  in  practice.  The  use  of  diagrams  is  quite  extensive, 
in  particular  that  of  the  Entropy  temperature  diagram,  as  a  means  of  exhibiting 
thermodynamic  actions  ;  then  follows  a  study  of  the  actual  behavior  of  steam 
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in  the  cylinder,  and 'a  treatment  of  the  subject  of  compound  expansion.  The 
well-known  work  of  Dr.  Emery  is  mentioned  and  quoted.  Tlie  subject  of 
valve  gears  and  the  theory  of  governing  also  receives  considerable  attention. 

The  discussion  of  what  constitutes  the  best  type  of  steam  engines  in 
dift'erent  conditions,  as  evidenced  by  present-day  practice,  is  rather  slurred 
over,  but  few  forms  receiving  any  attention.  In  a  practical  work,  while 
deprecating  the  tendency  to  profuse  description  too  frequently  indulged  in  by 
many  writers,  it  would,  nevertheless,  seem  as  if  some  space,  devoted  to  a 
detailed  discussion  of  a  number  of  characteristic  types  of  engines,  would  have 
been  valuable.  Thus,  for  example,  a  consideration  of  the  relative  merits  of 
high-  and  low-speed  engines  ;  the  pros  and  cons  regarding  various  types  ot 
compound  engines;  the  practical  advantages  gained  by  working  with  high 
steam  pressures,  etc.,  are  matters  concerning  which  the  average  engineer 
requires  fuller  exposition. 

The  steam  turbine  has  but  a  few  pages  given  it,  although  many  readers 
would  have  welcomed  full  information  from  so  authoritative  a  writer,  there 
being  no  question  but  that  this  form  of  motor  is  one  of  those  things  which, 
logically,  should  develop  into  a  prime  mover  of  considerable  practical  value. 

The  closing  chapter  is  on  air,  gas  and  oil  engines.  Upon  this  subject,  also, 
greater  completeness  would  have  been  desirable.  Engines  of  this  type  are 
proving  themselves  of  rapidly  increasing  value,  in  view  of  the  downward 
tendency  in  the  price  of  gas  and  the  large  development  of  natural  gas 
supplies.  The  literature  of  the  subject,  as  is  well  known,  is  exceedingly 
incomplete  and  old-fashioned. 

On  the  whole,  the  book  is  a  valuable  one  and  offers  much  that  is  suggest- 
ive, while  the  exposition,  as  previously  mentioned,  is  clear  and  to  the  point. 

E.  G.  VV. 
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[Proceedings  of  the  stated  meeting,  held  Wednesday ,  March  20,  iSgs  ] 

Hall  of  the  Franklin  Institute, 
Philadelphia,  March  20,  1895. 

Mr.  H.  R.  Heyl,  Vice-President,  in  the  chair. 

Present,  172  members  and  thirty-two  visitors. 

Additions  to  membership  since  last  report,  nine. 

The  Secretary  read  letters  from  Messrs.  H.  R.  Heyl  and  Chas.  A.  Hexa- 
mer,  accepting  election,  respectively,  to  the  office  of  Vice-President,  and  to 
membership  in  the  Committee  on  Science  and  the  Arts.  Also,  a  communi- 
cation from  the  Wyoming  Historical  and  Geological  Society  of  Wilkes-Barre, 
Pa.,  announcing  the  death  of  Mr.  Sheldon  Reynolds,  the  late  president  of 
the  society  and  life  member  of  the  Franklin  Institute.  It  was  ordered  that 
due  notice  of  the  fact  be  entered  upon  the  minutes  of  the  meeting. 

The  Secretary  announced  that,  in  accordance  with  the  action  taken  at  the 
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stated  meeting-,  held  February  20,  1895,  the  President  had  appointed  a  spe- 
cial committee,  of  which  Mr.  William  Sellers  was  named  as  chairman,  to 
consider  the  expediency  of  co-operating  with  the  Verein  Detitscher  Ingenieure 
in  an  international  movement  for  the  unification  of  screw  thread  standards. 
A  communication  was  read  from  the  chairman  making  a  report  of  progress. 

Mr.  Lawrence  T.  Paul  was  elected  to  fill  the  vacancy  in  the  Board  of 
Managers,  caused  by  the  election  of  Mr.  Heyl  to  the  office  of  Vice- 
President. 

The  paper  of  the  evening  was  entitled  "The  Carbides  and  Acetylene 
Commercially  Considered,"  by  Mr.  Thos.  L.  Willson  and  Dr.  J.  J.  Suckert, 
of  New  York. 

The  paper  gave  an  exhaustive  historical  account  of  the  subject,  leading 
up  to  the  interesting  discovery,  by  Mr.  Willson,  of  a  practical  method  of 
producing,  on  the  commercial  scale,  in  tlie  electric  furnace,  the  metallic  car- 
bides, and  especially  calcium  carbide  ;  the  production  therefrom  of  acetylene, 
by  bringing  the  carbide  in  contact  with  water;  and  the  industrial  bearings  of 
the  several  inventions  embraced  in  Mr.  Willson's  work,  principally  in  con- 
nection with  questions  of  the  cheap  production  of  acetylene  for  illuminating 
purposes. 

The  paper  was  profusely  and  brilliantly  illustrated  by  experiments,  show- 
ing the  generation  of  the  gas  by  the  decomposition  of  water,  the  solidifica- 
tion of  acetylene  with  the  cold  produced  by  the  vaporization  of  the  liquefied 
gas,  and  the  illuminating  value  of  acetylene.  Acetylene  forms  a  snow-white 
solid,  showing  by  the  thermometer  a  temperature  of —  1 18°  F.  Mercury  sur- 
rounded by  the  solid  substance  was  readily  frozen.  The  brilliant  whiteness 
of  the  acetylene  flame  burning  from  a  series  of  one-foot  Bray  tips  was  capi- 
tally sho^wn  by  comparison  with  the  ordinary  coal  gas  flame,  and  incandes- 
cent and  arc  electric  lights,  simultaneously  in  operation.  The  shadow  of  a 
common  gas  flame  from  a  six-foot  burner  was  distinctly  shown  projected  on  a 
white  screen  with  the  aid  of  one  of  the  small  acetylene  jets  above  referred  to. 

The  historical  portion  of  the  paper  was  further  illustrated  by  the  exhibi- 
tion of  a  complete  suite  of  specimens  of  various  metallic  carbides  and 
related  electric-furnace  products,  and  of  interesting  derivatives,  such  as  ben- 
zol, styrol,  nitro-benzol,  naphthalene,  etc. 

The  paper  evoked  an  extended  discussion,  and  will  appear  in  due  course 
in  the  Journal. 

At  the  close  of  the  discussion,  Mr.  A.  E.  Outerbridge,  Jr.,  moved  a  vote 
of  thanks  to  the  authors  for  their  extremely  interesting  and  valuable  com- 
munication. The  motion  was  numerously  seconded  and  was  adopted  amid 
pronounced  applause. 

The  Chairman,  in  a  few  appropriate  remarks,  expressed  to  Messrs.  Willson 
and  Suckert  the  appreciation  and  thanks  of  the  Institute  for  their  admirable 
presentation  of  the  subject,  and  the  meeting  adjourned. 

Wm.  H.  Wahl,  Secretary. 


Erratum  :  Art.  Outerbridge  ;  March  Journal,  p.  226,  line 
8  from  top ;  for  IX  read  i.  x. 
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Jos.  M.  W11.SON,  President,  in  the  chair. 

Paper  of  the  Evening  : 

The  carbides  and  ACETYLENE  COMMERCIALLY 

CONSIDERED. 


By  T.  L.  Willson  and  J.  J.  Suckert,  Ph.D. 


Dr.  Suckert  : — Members    of  the  Franklin    Institute,. 
Ladies  and  Gentlemen: 

Before  entering  upon  the  subject  matter  of  this  paper, 
namely,  the  commercial  consideration  of  the  carbides  and 
acetylene,  we  believe  that  a  brief  history  of  these  com- 
pounds, their  methods  of  formation  and  their  chemical  and 
physical  properties,  will  be  of  interest  to  you.  That  carbon 
will  combine  directly  with  various  metals  under  the  influ- 
ence of  heat,  has  long  been  known  to  chemists,  but  these 
compounds,  generally  known  as  *'  carbides,"  have  been  but 
Vol.  CXXXIX.    No.  833.  21 
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imperfectly  studied,  and,  with  the  exception,  perhaps,  of  the 
carbides  of  iron,  are  hardly  known. 

The  only  group  of  carbides  which  interests  us  this  even- 
ing is  that  of  the  carbides  of  the  alkali  and  alkaline-earth 
metals,  such  as  the  potassium,  sodium,  barium,  strontium 
and  calcium  carbides ;  for  the  reason  that  these  are  the  only 
carbides  which,  when  brought  into  contact  with  water,  will 
decompose  it,  forming  generally  the  hydrated  oxide  of  the 
metal  and  acetylene  gas.  Of  these  latter  carbides,  the  com- 
bination of  calcium  with  carbon  has  the  greatest  commer- 
cial possibilities  on  account  of  the  low  first  cost  of  the  raw 
materials  which  enter  into  this  combination,  namely,  lime 
and  coal,  the  abundant  deposits  of  same  in  all  quarters  of 
the  globe,  and  the  commercial  value  represented  by  the 
by-product,  hydrate  of  lime,  which  is  obtained  in  large 
quantities  by  the  decomposition  of  the  calcium  carbide  with 
water. 

The  history  of  the  discovery  and  methods  of  production 
of  this  group  of  carbides  may  briefly  be  stated,  as  follows : 

The  first  authentic  reference  to  this  subject  was  the  dis- 
covery, by  Sir  Humphrey  Davy,  that  carbon  and  potassium, 
when  heated  to  a  temperature  sufficiently  high  to  vaporize 
the  potassium,  formed  a  compound  which,  after  cooling, 
would  effervesce  with  water. 

Berzelius,  in  1836,  determined  that  the  black  substance 
formed  in  small  quantities  as  a  by-product  in  producing 
potassium  from  potassic  carbonate  and  carbon,  was  carbide 
of  potassium. 

Woehler,  in  1862,  prepared  calcium  carbide  by  fusing  an 
alloy  of  zinc  and  calcium  with  carbon,  and  ascertained  that 
it  decomposed  by  contact  with  water  forming  calcic  hydrate 
and  acetylene. 

Berthelot,  in  1866,  described  sodium  carbide  or  acetylene 
sodium.  He  produced  it  by  the  following  method  :  Metallic 
sodium,  when  slightly  heated  in  acetylene  gas,  puffs  up  and 
absorbs  acetylene  with  the  formation  of  the  compound 
CaHNa.  At  a  dull  red  heat  sodium  destroys  acetylene, 
forming  a  black  carbonaceous  mass,  CoNa^.  The  reaction 
is   expressed  by  the   following   formula :      (C2H2  +  Na2  = 
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CoNcio   i-  Ho).     This  compound,  CoNa.^,  in  contact  with  water, 
regenerates  acetylene. 

From  1866  until  1888,  a  period  of  twenty-two  years, 
nothing  further  has  been  recorded  of  scientific  work  done 
in  this  direction  ;  as  a  matter  of  fact,  the  compounds  so 
produced  were  not  only  very  impure,  but  their  cost  of  pro- 
duction also  was  so  great  as  to  render  their  commercial 
use  prohibitory  ;  they  were  considered  as  curiosities  and 
looked  upon  by  scientists  as  such.  In  1888,  Mr.  T.  L. 
Willson  began  a  series  of  experiments  relating  especially 
to  the  reduction  of  refractory  metallic  oxides  by  carbon,  in 
an  electrical  furnace.  By  this  method  the  reductions  were 
to  be  accomplished  by  the  heat  effect  of  the  current  alone, 
and  not  by  electrolytic  action. 

The  results  of  these  experiments,  which  were  numerous, 
and  which  extended  over  a  period  of  years,  developed  some 
very  interesting  data  as  to  the  action  of  intense  heat  on 
refractory  bodies  generally,  and  especially  as  to  the  formation 
of  carbides  in  large  quantities.  Mr.  Willson  found  that  lime, 
baryta,  strontia  and  even  alumina,  when  subjected  to  the  in- 
tense heat  of  his  electric  furnace,  were  liquefied  and  formed 
a  molten  mass,  which  could  be  brought  to  ebullition.  An 
addition  of  carbon  thereto  caused  a  decomposition  of  the 
oxide,  carbon  monoxide  being  formed,  while  the  fused  metal 
united  instantly  with  the  excess  of  carbon,  previously  intro- 
duced, to  form  a  carbide.  Further  experiments  developed 
the  fact  that  when  a  mixture  of  powdered  lime  and  coke 
dust  was  introduced  into  the  furnace,  the  mixture  would 
melt  down  to  a  thick  syrupy  mass  of  practically  pure  car- 
bide of  calcium,  and  that  this,  when  removed  from  the  fur- 
nace and  brought  in  contact  with  water,  evolved  acetylene 
gas  in  large  quantities.  The  carbides  of  barium,  strontium 
and  aluminum  also  were  prepared  in  the  same  manner,  and 
the  specimens  now  before  you  are  the  results  of  these 
earlier  experiments. 

We  will  now  introduce  a  small  quantity  of  each  of  these 
carbides  into  different  vessels  containing  water  at  ordinary 
temperature.  The  carbides  of  barium,  strontium  and 
calcium  decompose  water  readily,  forming  the  respective 
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hydrates  of  their  metallic  oxides  and  acetylene  gas,  which 
we  now  ignite  as  it  is  being  evolved  in  each  vessel ;  the 
resulting  gas,  as  you  observe,  burns  with  a  luminous  sooty 
flame  (see  Fig.  /).  As  the  carbide  of  aluminum  does  not 
react  with  water  at  ordinary  temperatures,  no  gas  is  evolved 
from  the  fourth  vessel. 

This  substantially  completes  the  history  of  the  alkali 
and  alkaline-earth  metal  carbides  up  to  the  date  of  Mr. 
Willson's  discovery. 

The  physical  and  chemical  properties  of  pure  calcium 
carbide,  as  first  prepared  in  the  Willson  furnace,  and  which 
we  now  hand  you  for  inspection,  is  a  dark-brown,  dense 
substance,  having  a  crystalline  metallic  fracture  of  blue  or 
brown  appearance,  and  a  specific  gravity  of  2*262  ;  it  evolves 
a  peculiar  odor  when  exposed  to  the  atmosphere,  due  to  the 
action  of  atmospheric  moisture.  In  a  dry  atmosphere  it  is 
odorless.  When  exposed  to  the  air  in  lumps,  it  becomes 
coated  with  a  layer  of  hydrate  of  lime,  which,  to  a  great 
extent,  protects  the  rest  of  the  substance  from  further  deterio- 
ration by  atmospheric  moisture.  It  is  not  inflammable,  and 
can  be  exposed  to  the  temperature  of  the  ordinary  blast  fur- 
nace without  melting.  When  exposed  to  the  flame  of  a  Bunsen 
blast-lamp  it  can  be  heated  to  a  white  heat,  the  exterior  only 
being  converted  into  lime.  When  brought  into  contact  with 
water,  or  its  vapor,  at  ordinary  temperatures,  it  is  rapidly 
decomposed,  one  pound  generating,  when  pure,  5*892  cubic 
feet  of  acetylene  gas  at  a  temperature  of  64°  F.  It  also 
decomposes  with  snow  at  a  temperature  of  —  24°  F.  It  is 
not  acted  upon  by  the  vapor  of  water  at  high  temperatures. 
It  abstracts  moisture  readily  from  alcohol,  also  from  lique- 
fied ammonia  gas,  rendering  the  latter  anhydrous.  If  small 
pieces  are  treated  with  common  sulphuric  acid,  a  violent 
reaction  ensues.  Acetylene  is  generated  with  considerable 
increase  in  temperature.  If,  however,  large  pieces  are 
plunged  into  common  sulphuric  acid,  the  reaction  is  feeble. 

An  exhaustive  series  of  experiments,  made  by  Dr.  H. 
Schweitzer,  of  New  York,  have  shown  that  when  treated  at 
a  red  heat  with  dry  muriatic  acid  gas,  the  carbide  is  decom- 
posed with  the  formation  of  free  carbon   and  small  quanti- 
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ties  of  a  yellow  substance  easily  soluble  in  ether.  When 
treated  with  steam  at  different  temperatures,  (up  to  428^ 
F.),  and  different  pressures  (up  to  35  atm.),  the  material 
was  decomposed  with  the  formation  of  but  small  quantities 
of  the  same  yellow  substance,  and  not  in  sufficient  quan- 
tity for  further  examination. 

Benzol,  nitro-benzol,  phenol,  aniline,  toluidine,  and  other 
organic  compounds,  gave  no  reaction  when  treated  with 
carbide  of  calcium  alone,  and  in  the  presence  of  water,  at 
varying  pressures  and  temperatures.  It  would  appear  from 
the  foregoing  to  be  a  very  inert  body  in  its  action  on 
other  compounds,  and  in  view  of  this  fact,  the  ease  with 
which  it  decomposes  w^ater  at  ordinary  temperatures  is 
remarkable. 

When  treated  with  water  in  a  closed  vessel  properly 
cooled,  acetylene  gas  continues  to  be  evolved  from  the 
material  at  pressures  exceeding  75  atm.  Calcium  carbide 
has  the  chemical  formula  CaC2,  and  contains  in  100  parts 
62'5  parts  of  calcium  and  37*5  parts  of  carbon. 

The  gaseous  product  of  the  decomposition  of  the  alkali 
and  alkaline  earth  metal  carbides  with  water,  namely,  acety- 
lene, is  an  unsaturated  hydrocarbon  of  the  series  CnH2n — 2, 
having  the  chemical  formula  C2H2,  and  containing,  there- 
fore, in  100  parts,  92*3  parts  of  carbon  and  77  parts  of 
hydrogen. 

It  was  first  recognized,  and  its  chemical  constitution 
determined,  by  Berthelot,  in  1849.  It  has  heretofore  been 
formed  in  small  quantities  by  passing  ethylene,  or  the  vapors 
of  alcohol,  wood  alcohol,  ether,  and  other  organic  com- 
pounds, through  a  red-hot  tube.  It  is  present  in  coal  gas  to 
the  extent  of  o-o6  per  cent.,  and  water  gas  contains  almost 
i*o  per  cent.  It  has  also  been  formed  by  passing  hydrogen 
gas  between  carbon  points  brought  to  incandescence  by  the 
electric  current,  which  is  the  first  recorded  synthesis  of  an 
organic  compound  directly  from  its  elements.  It  can  also 
be  produced  by  the  incomplete  combustion  of  the  vapors  of 
ether,  amylene,  etc.;  or  of  illuminating  gas,  in  the  interior 
of  a  Bunsen  burner;  by  passing  the  vapor  or  chloroform 
over  red-hot  copper;    or   from  chloroform    and   potassium 
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amalgam  ;  or  from  chloroform  and  sodium ;  or  by  the  elec- 
trolysis of  fiimaric  and  malic  acids ;  by  passing  the  vapor 
of  ethylene  chloride  over  red-hot  soda  lime;  and  finally,  by 
allowing  ethylene  bromide  to  drop  in  a  boiling  concentrated 
solution  of  alcoholic  potash,  passing  the  impure  acetylene 
into  an  ammoniacal  cuprous  chloride  solution,  washing  the 
red  precipitate  with  water,  and,  whilst  still  moist,  boiling  it 
with  concentrated  hydrochloric  acid. 

'Acetylene  is  a  colorless  gas,  having  a  penetrating  pungent 
odor  somewhat  resembling  garlic,  which  is  of  great  import- 
ance in  its  application  to  household  illumination,  as  it  ren- 
ders the  slightest  escape  of  gas  in  a  room  easily  detectable. 
It  has  a  specific  gravity  of  0*91,  and  burns  with  a  luminous 
sooty  flame.  It  is  soluble  in  water  in  about  the  same  pro- 
portions as  carbon  dioxide,  that  is,  at  64°  F.  water  will 
absorb  its  own  volume  of  the  gas.  Absolute  alcohol  and 
glacial  acetic  acid  dissolve  about  six  times  their  volume. 
It  is  practically  insoluble  in  saturated  brine,  100  volumes 
absorbing  but  five  volumes  of  the  gas,  whereas  paraffine 
will  absorb  two  and  one-half  times  its  volume.  By  heating 
acetylene  to  the  softening  point  of  glass,  benzol  (CgHg),  styro- 
lene  (QHj,),  naphthalene  (CiyHg),  anthracene  (Ci^Hio),  and 
reten  (CigHig),  are  formed. 

With  an  alkaline  solution  of  permanganate  of  potash, 
acetylene  is  oxidized  to  oxalic  acid,  and  with  a  dilute  solu- 
tion of  chromic  acid  to  acetic  acid.  By  treating  acetylene- 
copper  with  zinc  and  ammonia,  ethylene  is  formed,  and  a 
mixture  of  acetylene  and  hydrogen,  brought  in  contact  with 
platinum  black,  forms  ethane.  By  the  electric  spark,  acety- 
lene is  resolved  into  carbon  and  hydrogen,  at  the  same  time 
a  fluid  and  a  solid  poly-acetylene  are  formed ;  the  latter 
resembles  horn,  and  is  insoluble  in  the  ordinary  solvents. 
A  mixture  of  nitrogen  and  acetylene  is  converted  by  the 
induction  spark  into  hydrocyanic  acid. 

It  may  be  heated  to  a  temperature  of  370°  F.,  and  under 
a  pressure  of  43  atmospheres,  without  decompOvSition. 

The  gas  can  readily  be  condensed  to  a  liquid,  as  is  evi- 
denced by  the  following  table,  the  pressures  being  consider- 
ably less  than  those  required  for  carbon  dioxide. 
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The  critical  point  of  the  gas  has  been  placed  by  Ansdell 
at  98-69°  F.  He  also  determined  the  specific  gravity  of  the 
liquefied  gas  at  various  temperatures,  placing  the  density  at 
about  one-half  that  of  carbon  dioxide;  but  his  results  do  not 
agree  with  those  obtained  by  us  in  the  production  and  storage 
of  large  quantities  of  the  liquefied  gas.  For  instance,  the  small 
tank  to  which  this  connecting  pipe  and  burner  are  attached 
{Fig.  2)  should  contain,  according  to  Ansdell,  when  filled  at 
69-08°  F.,  about  2-1 5  pounds  of  liquefied  acetylene ;  as  a  matter 
of  fact,  however,  we  can  fill  into  this  tank  somewhat  more  than 
two  and  three-quarter  pounds  of  the  liquefied  gas.  We  are 
now  engaged  in  preparing  a  new  table  of  pressures  and 
specific  gravities  of  the  liquefied  gas,  and  will  be  pleased  to 
communicate  the  results  to  you  at  a  later  date.  One  pound 
of  the  liquid,  when  evaporated  at  64°  F.,  will  produce  four- 
teen and  one-half  cubic  feet  of  gas  at  atmospheric  pressure  ; 
or  a  volume  400  times  larger  than  that  of  the  liquid. 

The  odor  of  the  gas  has  already  been  made  apparent  to 
you  whilst  the  experiment  showing  the  decomposition  of  the 
various  carbides  with  water  was  being  carried  on.  We  will 
now  show  you  the  liquefied  gas  contained  in  this  glass  tube 
surrounded  by  a  metal  casing  [Fig.  3).  As  you  will  observe, 
the  liquefied  gas  forms  a  colorless,  mobile,  highly  refractive 
liquid,  which,  when  the  pressure  is  slightly  relieved,  com- 
mences to  boil  and  evolves  a  gas  which,  ignited  as  it  issues 
from  this  gas  tip,  burns  with  an  intensely  white  flame.  If 
the  liquefied  gas  be  suddenly  relieved  of  its  pressure,  or 
allowed  to  escape  in  its  liquefied  state  to  the  atmosphere,  a 
portion  evaporates  rapidly,  thereby  abstracting  from  the 
remaining  portion  sufficient  heat  to  solidify  it.     This  tank. 
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which  is  now  shown  you  {Fig.  </),  contains  liquefied  acety- 
lene, which  has  been  cooled  to  a  temperature  of  — 28°  F.,  in 
order  to  prevent  the  escape  of  too  large  a  volume  of  gas 
during  the  process  of  its  solidification.  Attached  to  this 
valve,  inside  of  the  tank,  is  a  tube  which  reaches  within  half 
an  inch  of  the  tank  bottom,  and  is  open  at  its  lower  end. 
We  now  attach  to  the  valve  a  flannel  bag  to  receive  the 
solidified  gas.  Upon  opening  the  valve  the  liquefied  gas 
escapes,  the  solidified  portion  remaining  in  the  bag,  while 
the  gas  formed  escapes  through  the  pores  of  the  bag.  This 
bag  will  hold  about  three-quarters  of  a  pound  of  the  solidified 
gas,  and  this  is  about  the  quantity  which  is  now  being 
emptied  on  the  plate.  A  portion  of  this  solidified  gas  will 
now  be  passed  to  you  for  inspection ;  another  portion  is 
packed   into  this   wooden  tube,  a  thermometer  is  inserted 
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(Fig.  5),  and,  as  you  will  observe,  the  temperature  falls  to 
—  118°  F.  Another  portion  is  placed  on  one  pound  of  mer- 
cury contained  in  this  saucer  {Fig,  6)\  the  intense  cold  of 
the  solidified  gas  almost  immediately  solidifies  the  liquid 
metal.  A  portion  of  the  solidified  gas  or  "  acetylene  snow  " 
is  now  dropped  into  this  vessel  {Fig.  7),  containing  water. 
Being  lighter  than  water,  it  floats  upon  its  surface,  and 
when  touched  with  a  light  the  gas  surrounding  each  par- 
ticle of  the  solidified  gas  burns  with  a  sooty  flame,  and  con- 
tinues to  burn  until  all  the  solidified  gas  has  disappeared. 
I  will  now  ignite  the  gas  evolving  from  the  acetylene  snow 
contained  in  this  dish,  and  you  have  the  interesting  exhibit 
of  a  solidified  gas  at  —  118°  F.,  giving  off  gas  which  can  be 
ignited,  and  which,  although  evolved  at  this  low  tempera- 
ture, possesses  the  same  illuminating  power  as  at  higher 
temperatures. 


(  Will  son  (Uitf  Sifckrrt.) 


Fig.  5 


Jcur.  B-iink.  Inst.,  Vol.  CV.VA7.V.     May,  /Sg^. 


""v,       -^' 


f ') 


-*J  ■>•  - 1  ,-/  -  \/ — iV  J—i 


■=-    rT\  ■TtT.Q  TO" 


o  ro  ^^  i_  -  -   "r  ° -_-  " 


•-ejT  — . 


(  Willson  and  .Siickerl.) 


Fio.  I. 


KiC,  3. 


M.iy,  1895  ] 


Carbides  and  Acetylene. 


329 


You  have  now  seen  acetylene  in  its  three  physical  condi- 
tions, namely,  as  a  gas,  a  liquid  and  a  solid  ;  and  the  mere 
fact  that  it  readily  assumes  the  gaseous  and  liquid  condi- 
tion is  of  vital  importance  to  its  commercial  application. 


COMMERCIAL    APTLICATION. 


Having  described  the  physical  and  chemical  properties 
of  calcium  carbide  and  the  product  of  its  decomposition 
with  water — acetylene — we  will  now  consider  the  commercial 
possibilities  of  these  compounds. 


/~-    /■  -^ 


Fig.  7. 

Carbide  of  calcium,  as  we  have  already  shown,  is  a  rich 
source  of  acetylene,  but  beyond  this  we  cannot  at  present 
definitely  designate  additional  commercial  applications  of 
this  material. 

Extended  experiments  are  now  being  conducted  to  deter- 
mine its  commercial  value  in  the  production  of  cyanides 
and  various  nitrogenous  compounds,  in  the  manufacture  of 
iron,  steel  and  other  metals,  and  their  alloys,  and  in  its 
application  to  the  synthetical  formation  of  various  organic 
compounds. 

The  results  thus  far  obtained,  however,  although  encour- 


330 


Willson  and  Suckcrt : 


[J.F.I. 


aging,  do  not  as  yet  justify  us  in  accepting  them  as  com- 
mercially applicable. 

As  the  commercial  value  of  any  material  largely  depends 
upon  its  cost  of  production,  its  purity,  and  the  value  of  the 
products  and  by-products  obtained  therefrom,  our  first  con- 
sideration will  be  the  method  of  manufacturing  the  carbide 
of  calcium  and  the  cost  of  the  finished  product. 

The  carbide  of  calcium  originally  prepared  by  Mr.  Will- 
son  during  his  first  experiments  was  produced  at  a  cost 


Fig.  8. 

largely  in  excess  of  that  for  which  it  can  be  manufactured 
to-day,  but  a  description  of  these  original  experiments  will, 
without  doubt,  be  of  interest  to  you. 

The  first  experiments  were  made  with  a  dynamo  generat- 
ing a  current  of  150  amperes  at  from  60  to  70  volts. 
Tlie  furnace  consisted  of  a  plate  of  carbon  12  inches 
square  and  i  inch  in  thickness,  along  one  edge  of  which 
an  iron  rod  was  bolted  and  projected  beyond  the  mason 
work,  and  to  which  one  terminal  from  the  dynamo  was  con- 
nected.     This  carbon  plate  was   embedded   in  brickwork, 
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having  onlv  a  small  central  portion  exposed,  upon  which 
the  graphite  crucible  rested.  From  one  terminal  of  the 
dynamo,  the  current  was  conducted  through  the  iron  rod, 
carbon  plate,  graphite  crucible,  the  material  to  be  acted 
upon,  and  the  carbon  pencil,  to  the  other  terminal.  To  start 
the  furnace,  the  pencil  was  placed  in  contact  with  the  bottom 
of  the  crucible  and  the  dynamo  was  started  up  slowly.  As 
the  electromotive  force  increased,  the  pencil  was  with- 
drawn from  the  bottom  of  the  crucible  and  the  "  arc  "  estab- 
lished. 

The  material  to  be  acted  upon  was  then  introduced 
through  an  opening  in  the  cover  of  the  crucible,  the  cover 
being  either  of  non-conducting  material,  or,  if  of  graphite, 
insulated  from  the  crucible  by  a  non-conducting  luting. 
One  of  the  pencils  from  the  original  lot  used  in  these 
earlier  experiments  is  now  before  you.  This  carbon  pencil 
is  12  inches  long,  \\  inches  in  diameter,  copper-plated  and 
has  a  hole  bored  through  its  entire  length,  the  tube  so 
formed  being  used  for  the  introduction  of  gaseous  agents. 
With  this  furnace  various  metallic  compounds,  intermin- 
gled with  pulverized  carbon  and  also  surrounded  by  gase- 
ous reducing  agents,  were  subjected  to  the  intense  heat 
developed  by  the  electric  arc. 

The  success  attending  the  operation  of  this  first  furnace, 
in  the  reduction  of  refractory  metallic  oxides,  justified  the 
continuation  of  the  experiments  upon  a  larger  scale,  and  to 
this  end  the  Willson  Aluminum  Company  was  organized 
and  a  plant  erected  at  Spray,  N.  C.  This  plant  was  supplied 
with  a  dynamo,  operated  by  water-power,  and  generating  a 
current  of  2,000  amperes  at  35  volts.  The  furnace  was  con- 
structed as  here  shown  {Fig.  8),  namely : 

A  designates  the  outer  masonry  shed  or  bench  of  the 
furnace ;  B,  the  carbon  or  graphite  crucible  or  hearth  ;  C, 
the  carbon  bar  or  pencil  constituting  the  movable  electrode, 
and  D,  the  dynamo  for  generating  the  current.  From 
the  terminal  brushes  of  this  dynamo,  one  wire,  w,  leads 
to  and  communicates  wnth  the  crucible  B^  while  the  other 
wire,  w',  leads  to  and  communicates  with  the  carbon  pencil 
C    The  connections  are  usually  made  in  the  manner  shown, 
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the  wire  w  being  connected  through  a  fastening-bar  a,  to 
an  iron  plate  b,  underlying  the  crucible  B,  and  the  wire  w' 
being  connected  to  a  metal  socket  c,  embracing  the  upper 
end  of  the  carbon  pencil  C.  The  bench  A  is  generally  made 
of  firebrick,  which  is  a  non-conductor  of  electricity,  and  the 
furnace  is  covered  with  a  plate  or,  preferably,  two  plates, 
ER,  of  carbon,  having  a  central  hole,  through  which  the 
carbon  pencil  C  projects  down  into  the  crucible. 

For  tapping  out  the  resulting  product,  a  tap-hole  d  is 
formed  which,  in  operation,  is  closed  by  a  plug  e,  of  clay  or 
other  suitable  refractory  material.  The  carbon  plates  EE 
rest  on  the  top  of  the  firebrick  walls  A,  which  project  above 
the  top  of  the  crucible,  forming  an  intervening  space  /  for 
the  furnace,  between  B  and  E.  For  the  vertical  adjustment 
of  the  carbon  pencil  a  screw-threaded  shaft  g  is  provided, 
which  may  be  moved  up  and  down  by  the  engagement 
therewith  of  a  suitably-mounted  rotative  nut  h. 

The  first  carbide  of  calcium  produced  in  this  furnace,  in 
accordance  with  memoranda  taken  at  the  time  by  Mr.  Will- 
son,  was  manufactured  as  follows  :  A  mixture  of  lime  and 
tar  was  boiled  in  a  caldron,  in  the  proportion  of  60  pounds 
of  lime  to  11  gallons  of  coal-tar,  and  the  heating  was  con- 
tinued until  the  mixture  was  perfectly  dry.  It  was  then 
introduced  into  the  furnace  and  subjected  to  the  heat  of  the 
electric  arc  for  a  period  of  two  hours,  gradually  feeding  the 
niixture  of  lime  and  tar  to  the  furnace  as  fusion  took  place. 
The  product  obtained  consisted  of  a  purplish-yellow  mass, 
which,  in  contact  with  water,  evolved  acetylene  gas.  A 
sample  of  the  calcium  carbide  produced  upon  this  occasion 
is  now  before  you,  and  represents  the  first  calcium  carbide 
produced  in  an  electrical  furnace. 

The  experiment  was  repeated  with  a  mixture  of  15 
pounds  of  tar  in  fused  lime  and  alumina,  the  time  required 
for  the  operation  being  one  and  one-half  hours. 

The  product  obtained  was  a  black,  crystalline  mass,  con- 
sisting of  a  double  carbide  of  calcium  and  aluminum.  A 
sample  of  this  double  carbide  is  also  submitted  for  your 
inspection. 

Another  run,  made  with  a  mixture  of  10  pounds  of  lime 
and  10  pounds  of  finely-divided  carbon,  operating  one  hour, 
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resulted  in  the  production  of  a  dark,  crystalline  mass,  show- 
ing- at  its  fracture  black  and  blue  crystals.  A  small  metal- 
lic ingot  was  found  in  this  mass,  and  a  similar  ingot  of  this 
white  metal  is  now  before  you. 

A  fourth  test,  made  with  17^  pounds  of  lime  and  17J 
pounds  of  carbon,  resulted  in  obtaining  1 1  pounds  of  almost 
pure  calcium  carbide.* 

The  tests  described  represent  but  a  few  of  the  numerous 
experiments  conducted  by  Mr.  Willson  in  his  efforts  to  suc- 
cessfully and  economically  produce  calcium  carbide  on  a 
large  scale.  Recent  results  in  the  application  of  the  alter- 
nating current  to  its  manufacture  prove  conclusively  that 
calcium  carbide,  of  a  remarkable  purity,  can  be  commer- 
cially produced.  The  product  now  being  manufactured,  in 
quantities  exceeding  one  ton  per  diem,  will  readily  evolve  in 
contact  with  water  5f  cubic  feet  of  acetylene  gas  per  pound 
of  the  carbide  used,  a  result  closely  approaching  to  that 
which  is  theoretically  possible,  namely,  5^Vo  cubic  feet  per 
pound  of  carbide. 

The  theoretical  proportions  of  lime  and  carbon  required 
for  the  production  of  100  pounds  of  calcium  carbide  are, 
87^  pounds  of  lime  and  56^  pounds  of  carbon.  Of  the  latter 
37^  pounds  combine  directly  with  the  metal  calcium ;  and 
18J  pounds  combine  with  the  oxygen  of  the  lime,  and 
escape  from  the  furnace  as  carbon  monoxide,  in  accordance 
with  the  following  formulae  : 

CaO  4-  C3      =  CaCa  +  CO 
^TA  +  56X=    100    +43M'(lbs.) 
CaC2  =    Ca     +  C 

ioo  =  62>^    -f  37>^  (lbs.) 

CO  =     c    +  o 

43^=   18^  4- 25  (lbs.) 

*  A  sample  of  the  carbide  obtained  during  this  last  test  was  sent  by  Mr. 
Willson  to  Lord  Kelvin,  of  the  Glasgow  University,  and,  in  return,  the 
following  reply  was  received  : 

"The  University,  Glasgow,  October  3,  1832. 

**  Dear  Sir  : — I  have  seen  and  tried  the  calcium  carbide,  only,  however,  so 
far  as  throwing  it  into  water  and  setting  fire  to  the  gas  M^hich  comes  off.  It 
seems  to  me  a  most  interesting  substance  and  I  thank  you  very  much  for 

sending  it  to  me.  Yours,  very  truly, 

"  Kelvin. 
"Thomas  L.  Willson,  Esq." 
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A  further  element  of  cost  in  its  manufacture  is  the  pro- 
duction of  heat  in  the  furnace  by  means  of  the  electric  arc. 
Extended  experiments  in  this  direction  have  shown  that 
one  electrical  liorse-power  will  readily  produce  twenty 
pounds  of  calcium  carbide  each  twenty-four  hours,  and  the 
present  indications  justify  the  assumption  that  with  auto- 
matically-fed furnaces,  properly  insulated  to  retain  the  heat, 
and  by  utilizing  the  waste  heat  to  increase  the  temperature 
of  the  material  acted  upon,  the  production  of  calcium  car- 
bide can  be  increased  on  a  large  scale  to  thirty  pounds  per 
electrical  horse-power  each  twenty-four  hours. 

By  using  limestone  and  coal  dust,  the  latter  being  practi- 
cally a  waste  product  (not  at  present  utilized),  it  is  believed 
that  calcium  carbide  can  eventually  be  produced  at  a  cost 
of  less  than  $5  per  ton.  Where  bituminous  coal  is  em- 
ployed, the  value  of  the  by-products  obtained  by  its  con- 
version into  coke  will  largely  reduce  the  cost  of  manu- 
facture. 

The  hydrate  of  lime  obtained  from  the  decomposition  of 
the  carbide  with  water  can  be  used  again  in  the  manufac- 
ture of  the  carbide,  or  it  can  be  employed  in  the  manufac- 
ture of  ready-mixed  mortar,  which  is  already  quite  an  indus- 
try in  this  city."^ 

*  The  following  details  of  the  cost  of  producing  150  tons  of  calcium  car- 
bide/^r  diem,  as  a  by-product  in  the  manufacture  of  100,000  fire-  and  pressed- 
hric^  per  diem,  will,  no  doubt,  interest  you. 

The  figures  were  compiled  by  a  manufacturer  who  was  desirous  of  com- 
mercially utilizing  the  close  proximity  of  large  deposits  of  coal,  limestone 
and  clay.  They  show  an  annual  profit  of  $635,640,  with  a  selling  price  of  $7 
per  ton  for  carbide. 

January  19,  1895. 
product  of  1,400  tons  of   coai,,  450   tons  of   clay  and  270  tons   of 

limestonk. 

150  tons  of -calcium  carbide,  at  $7 $1,050  00 

10  tons  of  sulphate  of  ammonia,  at  $70 70000 

40  tons  of  coal  tar,  at  $7 280  00 

910  tons  of  coke,  at  90  cents 8iq  00 

50,000  fire  brick  at  works   at  $15 750  00 

50,000  <iry  pressed  front  brick,  at  $15 750  00 

$4,349  00 
5,445,000   FFET   OF   RICH   ILLUMINATING  GAS. 

3,240,000  feet  of  this  will  produce  12,000  horse-power  for  24  hours,  allow- 
ing iX  pounds  coal  per  horse-power,  and  9  cubic  feet  of  gas  as  the  equivalent 
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Arrang^ements  are  now  being  made  by  the  Electro-Gas 
Company,  of  New  York  City,  with  the  Niagara  Falls  Power 
Company,  to  apply  1,000  electrical  horse-power  to  the  manu- 
facture of  calcium  carbide,  which  is  shortly  to  be  increased 
to  5,000  horse-power,  and,  eventually,  we  will,  without  a 
doubt,  see  the  entire  available  power  the  company  now 
possesses  converted  into  electrical  energy  for  the  manufac- 
ture of  this  product.  The  effect  of  such  a  production  would 
be  far-reaching,  and  the  economies  resulting  therefrom,  if 
stated  to-night,  appear  exaggerated  and  visionary.  Assum- 
ing that  but  20  pounds  of  the  carbide  are  produced  per  indi- 
cated horse-power  each  24  hours,  then  the  amount  manufac- 
tured during  300  working  days  would  be  3  tons  per  horse- 
power per  year;  and,  applying  100,000  horse-power  to  its 
production,  the  annual  output  of  such  an  establishment 
would  be  300,000  tons.  From  this  amount  of  material 
3,300,000,000  cubic  feet  of  acetylene  gas  should  be  produced, 
and  as  its  illuminating  power,  compared  with  ordinary  illu- 
minating gas  of  25  candle-power,  is  as  ten  to  one,  it  would 

of  I  pound  of  coal.  1,485,000  cubic  feet  of  gas  will  burn  270  tons  of  limestone, 
producing  150  tons  of  lime,  allowing  1,100  pounds  of  coal  per  ton  of  lime, 
and  9  cubic  feet  of  gas  as  the  eqiiivalent  of  i  pound  of  coal.  720,000  cubic 
feet  of  gas  will  burn  100,000  bricks,  allowing  800  pounds  of  coal  per  1,000 
bricks. 

Expenses  : 

Mining  1,400  tons  of  coal,  at  55  cents $770  00 

Mining  450  tons  of  clay,  at  35  cents i57  5° 

Mining  270  tons  of  limestone,  at  25  cents 67  50 

Labor  on  1,000  tons  of  coke,  at  20  cents 200  00 

Freight  on  210  tons  of  limestone,  at  50  cents 135  00 

Labor  in  grinding  150  tons  of  lime,  at  25  cents 37  50 

Labor  in  making  ] 00,000  brick,  at  J2  per  M 20000 

Labor  in  smelting  calcium  carbide 150  00 

?i,7i7  50 
Twenty-five  per  cent,  on  $1,717.50  for  general  expenses 429  37 

$2,146  86 
Interest  on  plant  per  day 83  33 

$2,230  20 

Income $4,349  00 

Expenses 2,230  20 

Net  income  per  day $2,118  80 

Net  income  per  year  (300  days) $635,640  00 
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represent  fully  33,000,000,000  cubic  feet  of  this  gas — an 
amount  which  would  probably  equal  the  annual  output  of 
the  entire  gas  industry  of  the  United  States. 

As  this  is  but  one  of  the  many  applications  of  the  product 
obtained  by  the  decomposition  of  the  carbide  with  water, 
the  manufacture  of  the  carbide  itself  must,  of  necessity, 
become  a  large  industry. 

As  we  have  previously  informed  you,  pure  calcium  car- 
bide contains,  in  100  parts,  37*5  parts  of  carbon  and  62*5  parts 
of  calcium,  and  when  brought  in  contact  with  water,  acety- 
lene is  generated  to  the  extent  of  5*89  cubic  feet  of  the  gas 
to  each  pound  of  carbide  used;  or  if  compared  by  weight, 
100  pounds  of  calcium  carbide  and  56*25  pounds  of  water 
evolve  40"63  pounds  of  acetylene  gas,  and  form  11  $'62 
pounds  of  calcic  hydrate,  in  accordance  with  the  following 
formula : 

CaC2  +  2H2O  =  CaOH^O  +  C,H2 
100  -f-  56*25    =     115*62     -f-  40*625  (pounds.) 

The  acetylene  gas  so  generated  contains,  in  100  parts, 
92*3  parts  of  carbon  and  yy  parts  of  hydrogen,  or  in  the 
40*625  pounds  generated  from  100  pounds  of  carbide,  we 
have  37|-  pounds  of  carbon  and  3^  pounds  of  hydrogen.  The 
entire  carbon  contained  in  the  calcium  carbide  has,  there- 
fore, combined  with  the  hydrogen  of  the  decomposed  water 
to  form  a  new  compound  of  a  gaseous  nature  and  extremely 
rich  in  carbon. 

In  its  commercial  application  acetylene  can  be  produced 
either  directly  from  the  calcium  carbide  by  decomposition 
with  water,  or  it  may  be  evolved  from  the  liquefied  gas 
contained  in  suitable  receivers. 

When  manufactured  directly  from  the  carbide,  two 
methods  can  be  employed ;  in  one,  small  quantities  of  water 
are  allowed  to  flow  upon  the  carbide  and  the  resulting  gas 
is  conducted  to  an  ordinary  gasometer,  from  which  it  can 
be  drawn  for  use ;  this  method  is  more  or  less  intermittent. 
The  other  method  dispenses  with  a  gasometer  and  permits 
the  continuous  generation  of  either  large  or  small  quanti- 
ties of  the  gas,  and  this  is  accomplished  by  partially  sub- 


May,  1895.]  Carbides  and  Acetylene.  337 

merging  in  water  a  vessel,  open  at  the  bottom  and  contain- 
ing carbide  suspended  on  a  screen  in  the  upper  part  of  the 
vessel,  the  generated  gas  being  withdrawn  from  above  the 
carbide.  As  long  as  gas  is  being  used  the  water  remains 
more  or  less  in  contact  with  the  carbide  ;  as  soon,  however, 
as  the  withdrawal  of  gas  diminishes  or  entirely  ceases,  the 
pressure  of  the  generated  gas  forces  the  water  from  the 
carbide  into  the  lower  chamber  of  the  vessel,  thereby  pre- 
venting a  further  generation  of  the  gas.  The  apparatus  is 
automatic  and  extremely  regular  in  its  operation. 

In  the  employment  of  either  of  the  above  methods,  the 
only  by-product  obtained  is  slaked  lime,  the  amount  of  gas 
produced  being  the  same,  namely,  5^  cubic  feet  for  each 
pound  of  calcium  carbide  used. 

The  liquefied  gas  is  manufactured  commercially  by 
decomposing  the  carbide  of  calcium  with  water  in  a  closed 
vessel,  and  conducting  the  gas  generated  under  pressure  to 
a  condenser,  where  it  liquefies  and  is  then  drawn  off  in  tanks 
ready  for  distribution.*  The  liquefied  gas,  exhibited  this 
evening,  has  been  produced  in  this  manner. 

Before  entering  upon  the  use  of  acetylene  as  an  illumin- 
ant,  we  desire  to  call  your  attention  to  the  fact  that  its  rapid 
and  extraordinary  development  in  this  direction  is  largely 
due  to  the  individual  efforts  of  Mr.  E.  N.  Dickerson,  of  New 
York  City,  who,  endowed  with  a  special  knowledge  of  the 
subject,  has  labored  unceasingly  to  bring  about  the  success- 
ful result  which  you  will  see  this  evening. 

As  an  illuminant,  acetylene  surpasses  in  lighting  power 
and  economy  all  other  illuminants  known ;  when  burned  at 
the  rate  of  five  cubic  feet  per  hour,  it  produces  a  light  equal 
to  250  candles,  whereas  the  best  illuminating  gas  made 
from  coal,  or  water  gas,  rarely  exceeds  twenty-two  candles 
for  each  five  cubic  feet  burned  per  hour.  Your  Philadelphia 
city  gas  is  rated  at  from  nineteen  to  twenty  candles.  Acety- 
lene gas  will,  therefore,  produce  twelve  and  one-half  times 
more  light  if  the  same  quantity  be  consumed,  or,  1,000 
cubic  feet  of  acetylene  gas  will  give  you  the  equivalent  in 

*  A  full  description  of  this  process  and  of  the  apparatus  required  therefor, 
is  contained  in  U.  S.  Patent,  No.  535,944,  March  19,  1895. 
Vol.  CXXXIX.     No.  833.  22 
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lighting  power  of  12,500  cubic  feet  of  your  city  gas  ;  it  has, 
therefore,  twelve  and  one-half  times  the  value.  To  illustrate 
more  fully  the  difference,  we  will  first  pass  your  city  gas  to 
the  tube  attached  to  this  stand,  and  ignite  the  gas  as  it  issues 
from  the  burners  ;  we  then  conduct  acetylene  gas  to  a  simi- 
lar row  of  burners,  and  light  these  ;  the  contrast,  as  you  will 
perceive,  is  almost  marvelous. 

The  acetylene  consumed  in  these  burners  has  been  gene- 
rated, in  the  apparatus  before  you,  in  the  following  manner: 
Upon  the  carbide  contained  in  this  closed  jar  {Fig.  9),  water 
is  poured  in  small  quantities  through  the  glass  funnel  com- 
municating with  the  interior  of  the  jar.  The  acetylene  gas 
generated  passes  through  this  tube  to  the  inside  of  the  gaso- 
meter, thereby  lifting  the  holder  to  the  position  which  it 
now  occupies,  and  the  gas  can  then  be  conducted  from  the 
holder  to  the  burners  by  means  of  this  rubber  tube.  As 
the  gas  is  being  consumed  and  the  holder  lowers,  the 
supply  is  rapidly  renewed  by  pouring  an  additional  amount 
of  water  through  the  funnel  upon  the  carbide  contained  in  the 
closed  jar.  We  will  also  light  the  gas  produced  from  lique- 
fied acetylene  contained  in  this  small  tank  {Fig.  id),  and,  as 
you  observe,  it  burns  with  the  same  brilliancy  and  lighting 
power  as  the  gas  produced  directly  from  the  carbide. 

The  liquefied  gas  contained  in  the  small  tank  weighs  just 
two  pounds,  and  is  capable  of  generating  twenty-nine  cubic 
feet  of  acetylene  gas,  which  is  at  the  rate  of  fourteen  and 
one-half  cubic  feet  per  pound.  The  gas  produced  by  the 
vaporization  of  the  liquid  at  a  pressure,  as  the  gauge  now 
indicates,  of  forty  atmospheres,  passes  from  the  tank  to  a 
reducing  valve  upon  which  the  tank  stands,  whereby  its 
pressure  is  reduced  to  that  of  a  two-inch  water  column,  as 
indicated  on  this  U  water  gauge,  and  it  is  under  this  pres- 
sure that  we  are  supplying  the  gas  to  the  burners  attached 
to  the  arm  above.  Each  of  the  burners  supplied  with  acety- 
lene gas  will  consume,  at  the  pressure  indicated,  i^^  cubic 
feet  per  hour,  each,  therefore,  emits  a  light  equal  to  sixty 
candle-power ;  the  total  candle-power  of  the  six  burners  in 
use  is,  therefore,  360,  and  the  amount  of  gas  consumed  each 
hour   7y2_  cubic  feet.     To  obtain  this  result  with  city  gas 
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would  require  the  consumption  of  at  least  ninety  cubic  feet 
per  hour. 


Fig.  10. 


The  amount  of  oxygen  withdrawn  from  the  atmosphere 
of  this  room  by  the  acetylene  for  the  same  amount  of  light, 
is   but  one-sixth    of   that  required   for   your  city  gas ;  the 
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products  of  combustion  are,  therefore,  reduced  in  proportion 
and  the  air  of  the  room  is  not  vitiated  to  the  same  extent. 

From  the  appearance  of  the  acetylene  flame  it  would 
seem  as  though  its  temperature  was  exceedingly  high;  but 
recent  determinations  have  shown  that  the  temperature  of 
the  flame  does  not  exceed  900°  C, whereas  the  temperature  of 
ordinary  illuminating  gas  exceeds  1,400°  C.  For  an  equal 
amount  of  light  the  heat  developed  by  the  combustion  of 
acetylene  gas  but  slightly  exceeds  that  of  the  incandescent 
electric  lamp. 

We  have  before  us  to-night,  therefore,  an  ideal  illumin- 
ating gas;  its  presence  in  a  room  can  readily  be  detected 
by  its  penetrating  odor;  it  emits  more  light  with  less  heat 
than  any  other  illuminating  compound  ;  it  consumes  less 
oxygen,  and  it  can  be  commercially  produced  at  less  cost, 
for  an  equal  amount  of  light.  Furthermore,  it  is  capable 
of  being  stored  either  as  a  solid,  in  the  form  of  carbide,  or 
as  a  gas,  or  as  a  liquid  ;  and  these  qualities  alone  are  of 
exceptional  value  in  its  commercial  application. 

As  a  solid,  in  the  form  of  carbide,  waste  water-power 
throughout  the  world  can  be  utilized  for  its  manufacture, 
and  it  can  be  shipped  long  distances  without  material  dete- 
rioration. As  a  gas,  it  can  be  generated  from  carbide  and 
applied  as  such;  and  in  the  form  of  a  liquid,  it  can  be 
applied  to  all  purposes  of  isolated  lighting,  such  as  railroad 
and  street  cars,  carriages,  bicycles,  steamships,  sailing  ves- 
sels, street  lighting  (by  placing  a  small  tank  in  each  lamp- 
post (see  Fig.  2),  house  lighting  (in  both  city  and  country), 
buoys,  lighthouses,  lanterns,  and  to  the  enriching  of  ordi- 
nary illuminating  gas  in  dwellings.  Its  application  to  this 
latter  purpose  will  permit  the  gas  companies  to  produce  a 
low-priced  gas  for  heating  purposes,  which  can  then  readily 
be  enriched  in  each  house  with  acetylene  gas  generated 
from  a  tank  of  the  liquefied  gas.  To  show  the  value  of 
acetylene  gas  if  applied  to  the  lighting  of  your  city,  we  will 
make  a  comparison,  which  may  surprise  you.  The  amount 
of  gas  produced  by  your  city  works  will  approximate  4,000,- 
000,000  cubic  feet  per  year,  of,  say,  twenty  candle-power. 
By  the  use  of  acetylene  gas,  the  amount  of  gas  required 
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would  be  reduced  in  the  proportion  of  i  to  1 25 ;  or,  4,000,000,- 
000  cubic  feet  of  city  gas  could  be  replaced  by  320,000,000 
cubic  feet  acetylene  gas,  representing  a  saving  of  3,680,000,- 
000  cubic  feet  of  gas  annually. 

In  addition  to  its  value  as  an  illuminant,  acetylene  gas 
can  be  used  commercially  for  power  and  heating  purposes  ; 
and  in  the  form  of  a  liquefied  gas  it  will  be  invaluable  for 
such  use.  Its  application  in  this  direction  is,  however^ 
such  an  extensive  one  that  we  are  compelled  to  make  it  the 
subject  matter  of  another  paper.  In  conclusion,  we  desire 
to  thank  you  all  for  your  kind  attention,  and  especially  the 
officers  and  members  of  the  Franklin  Institute,  for  the  inter- 
est they  have  manifested  in  our  work. 


The  natural   SODA    DEPOSITS   of  the  UNITED 

STATES." 


By  Dr.   Thos.   M.   Chatard. 


{^Concluded from  p.  28j.'\ 


About  two  miles  northeast  from  Ragtown  one  may 
notice  a  slight  elevation  on  the  surface  of  the  desert,  but  the 
ascent  is  so  gentle  that  one  can  hardly  appreciate  it.  Sud- 
denly, and  without  preparation,  one  comes  upon  the  brink  of 
a  precipitous  depression  in  the  desert,  more  than  300  acres 
in  area,  the  rim  being  more  than  1 50  feet  above  the  surface 
of  the  lake,  which  covers  the  greater  part  of  the  bottom  of 
the  cavity.  The  shores  of  this  lake  are  lined  with  the  vats 
of  the  soda-makers,  whose  white  houses  make  a  pretty  con- 
trast with  the  green  salt  grass  and  the  blue  waters  of  the 
lake.  Flocks  of  small  birds  are  continually  hovering  over 
the  lake,  and  the  whole  presents  a  scene  of  life  and  color, 
the  more  beautiful  because  unexpected  and  in  sudden  con- 
trast to  the  burning  sand  without,  where  beauty  is  repre- 
sented bv  the  horned  toad  and  life  bv  the  tarantula. 

*  A  lecture  delivered  before  the  Franklin  Institute,  Februai^-  23,  1S94. 
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An  eighth  of  a  mile  away,  and  separated  by  a  narrow- 
ridge,  is  another  depression  similar  to  the  first,  and  called 
the  Little  Lake.  While  less  attractive,  it  is  quite  as  inter- 
esting; perhaps  even  more  so. 

Both  of  these  depressions  are  evidently  the  craters  of 
extinct  volcanoes.  The  walls  are  composed  of  loose,  sandy 
materials  intermixed  with  pieces  of  rock,  often  two  or  three 
feet  in  diameter,  and  which  are  evidently  volcanic  ashes 
with  larger  masses  of  scoria.  The  deepest  place  in  the  lake 
is  312  feet  below  the  highest  part  of  the  rim,  and,  as  the 
surface  of  the  water  lies  many  feet  below  the  bed  of  the 
neighboring  Carson  River,  it  is  evident  that  these  lakes, 
which  have  no  apparent  feeders  and  no  outlets,  are  supplied 
by  seepage  from  the  river. 

The  water  of  the  Big  Lake  is  a  strong  solution  of  salts, 
mainly  common  salt,  but  with  a  large  proportion  of  sul- 
phate and  of  the  two  carbonates.  You  will  remember  that 
I  have  already  told  you  that  natural  soda  is  composed  of 
sodium  monocarbonate  and  bicarbonate,  wdth  varying  pro- 
portions of  other  salts,  mainly  chlorides  and  sulphates. 
Now  I  wish  to  impress  upon  you  that,  in  nature,  these  two 
carbonates  are  always  found  together,  and,  furthermore, 
that  if  one  exposes  the  solution  of  pure  monocarbonate  to 
the  action  of  the  air,  the  solution  absorbs  carbonic  acid  and 
a  portion  of  the  monocarbonate  is  converted  into  bicarbo- 
nate. The  presence  of  the  carbonate  in  this  water  must  be 
accounted  for  by  the  decomposition  of  the  volcanic  ash 
through  the  action  of  air  and  moisture,  as  already  described, 
the  soluble  salts  thus  formed  being  leached  out  of  the  mass 
by  the  river  seepage,  conveyed  to  the  crater,  and  then  con- 
centrated by  evaporation.  The  change  of  the  monocarbo- 
nate into  bicarbonate  is  continually  going  on,  but  appears 
to  pause  whenever  the  relation  between  the  two  salts  reaches 
a  certain  limit,  and  the  phenomenon  is  most  important,  as 
it  gives  us  the  only  means  of  extracting  the  valuable  car- 
bonates from  the  accompanying  useless  salts. 

For  many  years  past  the  extraction  of  sodium  carbonate 
from  the  waters  of  the  Big  Lake  has  been  an  established 
industry.     The  method  is  ingenious,  and  although,  because 
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of  natural  disadvantag^es,  the  annual  production  is  small, 
the  work  done  here  has  yielded  much  valuable  practical 
information  which  is  now  being"  utilized  on  a  larger  scale  at 
Owens  Lake  in  California.  As  this  latter  place  must  be 
described  later,  we  will  not  linger  at  the  Big  Lake,  but  pass 
to  its  companion,  where  we  shall  see  an  operation  which  is 
singular  of  its  kind. 

The  Little  Lake,  which  gave  its  name  to  the  smaller 
crater,  has  been  completely  altered  in  appearance.  There 
are  four  large,  irregular-shaped  excavations,  besides  a  shal- 
low pool  of  fresh  water  from  small  springs  which  issue 
from  the  sides  of  the  crater.  Two  of  these  excavations  are 
situated  upon  the  ledge,  which  is  a  natural  deposit  of 
crystal  soda,  of  unknown  but  considerable  extent  and 
thickness.  These  lye  pits  are  filled  from  the  pool  with 
water,  which  gradually  becomes  saturated  with  the  soda 
dissolved  from  the  ledge.  The  liquid  from  the  lye  pits  is 
drawn  off  from  time  to  time  into  the  crystallizers,  as 
the  other  excavations  are  called.  By  the  end  of  the  summer 
the  crystallizers  are  filled  with  a  saturated  solution  of  soda, 
which,  during  the  winter,  cr5^stallizes  out  as  the  ordinary 
crystal  soda.  When  no  more  crystals  appear  to  form,  by 
which  time  the  deposit  is  ten  or  twelve  inches  thick,  the 
crop  is  gathered,  and  carefully  stacked,  preparatory  to  the 
drying  process,  which  is  the  most  delicate  part  of  the  work. 
Soda  crystal  contains  sixty-three  per  cent,  of  water  and 
parts  with  most  of  it  with  great  ease  and  rapidity,  so  that 
if  heated  to  90°  F.,  a  temperature  much  below  the  ordinary 
summer  heat  of  the  region,  it  melts  in  its  own  water  of 
crystallization  and  becomes  a  liquid.  In  drying  the  crop, 
great  care  must,  therefore,  be  exercised,  lest  the  material 
becomes  liquid,  and  much  of  it  thereby  lost. 

The  crop  is,  therefore,  kept  in  the  stacks  until  the  ap- 
proach of  warm  weather,  when  it  is  broken  up  and  spread 
in  a  layer  two  or  three  inches  deep,  on  drying  floors,  which 
are  covered  with  light  sheds  open  at  the  sides.  The  mate- 
rial is  turned  over  from  time  to  time.  When  the  drying  is 
completed,  the  product  is  a  thoroughly  effloresced,  white 
powder  ;  the  annual  product  is  about  300  tons. 
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Returning  to  Wadsworth,  we  can  then  strike  in  a  north- 
westwardly direction  through  the  region  known  as  the 
Black  Rock  Desert,  which,  in  summer,  is  a  succession  of 
alkali  flats  containing  much  soda,  and  in  winter,  an  almost 
impassable  morass.  This  extends  almost  "up  to  the  border 
of  Oregon,  in  the  southern  portion  of  which  State  lie  Abert 
and  Summer  Lakes,  which,  though  now  inaccessible,  must 
in  time  become  valuable,  since  in  their  waters  the  propor- 
tion of  sulphate,  which  is  very  deleterious  to  the  quality  of 
the  soda,  and  must,  therefore,  be  kept  out  as  much  as  possi- 
ble in  the  extraction  process,  is  smaller  than  in  any  other 
large  source  of  natural  soda  that  is  known. 

Leaving  the  Central  Pacific  Railroad,  at  Reno,  Nev.,  we 
can  go  southward  by  the  Virginia  and  Trucker  Railroad, 
and  the  Carson  and  Colorado  to  Hawthorne,  Nev.,  where  we 
can  reach  Mono  Lake,  near  Bodie,  Mono  County,  Cal. 

This  is  a  large  lake,  covering  85  square  miles,  with  an 
average  depth  of  60  feet,  and  lies  in  a  region  of  fine  scenery; 
but,  as  to  its  future,  I  can  only  repeat  what  I  have  else- 
where said,  "  that  this  large  body  of  water,  of  a  composition 
so  favorable  to  utilization,  is  for  practical  purposes  inacces- 
sible, and  that  the  high  altitude  and  consequent  shortness 
of.  the  evaporating  season  would,  under  any  circumstances, 
render  the  success  of  any  industry  established  there  very 
doubtful." 

Proceeding  southward  from  Mono  Lake,  we  pass  over  a 
highly  volcanic  country  and  reach  Long  Valley,  in  which 
the  Owens  River  originates.  This  valley  is  full  of  alkali 
flats,  morasses  and  pools,  the  alkali  being,  as  before,  derived 
from  the  decomposition  of  the  volcanic  rocks,  a  process 
which  is  now  going  on  and  can  everywhere  be  observed. 
The  drainage  of  the  valley  is  by  the  Owens  River,  a  stream 
which  carries  a  considerable  amount  of  alkali,  all  of  which 
finally  reaches  Owens  Lake,  Inyo  County,  Cal. 

This  lake  is  the  most  important  occurrence  of  natural 
soda  in  the  world.  Its  area  is  even  greater  than  Mono  Lake, 
being  over  100  square  miles,  with  an  average  depth  of  not 
less  than  17  feet.  It  is  readily  accessible,  as  the  Carson  and 
Colorado  Railroad  runs  along  the  eastern  shore,  and  can 
easily  be  reached  by  all  of  the  great  continental  lines. 
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The  lake  lies  between  the  Sierra  Nevada  on  the  west, 
and  the  Inyo  Range  on  the  east,  and  has  no  outlet,  the 
lowest  point  of  the  rim  of  the  valley  being,  as  I  am  informed, 
about  fifty  feet  higher  than  the  present  level  of  the  lake. 
On  the  western  side,  several  small  brooks  from  the  Sierra 
make  their  way  into  the  lake,  but  the  larger  portion  of  the 
water  supply  comes  from  the  Owens  River,  which  empties 
into  the  lake  at  its  northern  end.  This  stream  was,  in  Feb- 
ruary, 1892,  about  59  feet  wide,  5^  feet  deep,  and  had  a  flow 
of  about  3  miles  an  hour.  These  measurements  represent 
a  considerable  amount  of  water,  but  represent  probably  not 
more  than  two-thirds  of  the  daily  supply;  and  one  gets 
some  idea  of  the  aridity  of  the  climate,  and  of  the  rapidity 
of  evaporation,  \vhen  one  remembers  that  although  the  lake 
is  naturally  somewhat  higher  in  the  spring  than  in  the 
autum.n,  the  average  depth  suffers  but  little  change.  Hence, 
at  present  the  evaporation  from  its  surface  seems  to  be 
about  equal  to  the  amount  of  water  received  from  all 
sources.  As  the  valley  lies  between  two  high  ranges  of 
mountains,  and  is  open  to  the  north  and  south,  there  is 
usually  a  good  breeze  through  the  greater  part  of  the 
twenty-four  hours,  thus  much  increasing  the  evaporation, 
which  may  safely  be  taken  as  over  five  feet  per  annum. 

The  Sierras  rise  rapidly  from  the  lake,  and  the  peaks  are 
very  lofty.  Mt.  Whitney,  which  is  in  plain  view,  is  the 
highest  mountain  in  the  United  States.  They  are  w^ell 
timbered,  and  their  vast,  sombre  masses  form  an  agreeable 
contrast  to  the  opposite  glaring,  light  colored  Inyo  Range, 
which  is  almost  destitute  of  either  wood  or  water. 

Between  the  Inyo  Range  and  the  lake,  the  valley  slopes 
gently  from  the  foothills  to  the  water  edge,  affording  excel- 
lent locations  for  manufacturing  purposes.  The  shore  is 
covered  in  most  places  with  a  strong  growth  of  salt  grass, 
though  there  are  extensive  flats,  which  are  bare. 

In  the  lake  itself  are  large  quantities  of  a  sort  of  '*  algous 
or  fungoid  plant,  floating  in  globular  masses  of  a  whitish  or 
yellowish  green  "  (Loew).  This  collects  upon  the  water  in 
patches,  and  becomes  black  with  the  clouds  of  alkali  flies 
or  ephydra,  which  settle  upon  it.     In  addition  to  the  larvse 
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of  these  flies  the  water  swarms  with  the  little  "  alkali 
shrimp,"  or  artemia.  Both  of  these  forms  of  animal  life 
seem  to  be  inseparable  from  alkali  pools,  being-  found  in 
almost  every  one  of  them  throughout  the  world. 

The  scenery  of  this  valley  is  very  attractive,  and  the  soil, 
wherever  irrigated,  has  proved  itself  to  be  very  fertile. 
Very  little  snow  falls  in  winter,  and  work  can  be  done 
throughout  the  year.  Even  in  summer,  although  the  ther- 
mometer shows  a  high  degree  of  heat,  this  is  not  oppressive, 
because  of  the  dryness  of  the  air,  and  sunstroke  is,  I  believe, 
unknown.  The  highest  temperature  I  have  ever  noted,  the 
thermometer  being  in  an  exceptionally  well-shaded  place, 
was  109°  F.  Hot  as  this  may  seem,  I  spent  the  entire  day  at 
work  in  the  sun  with  no  protection  and  with  no  inconve- 
nience, nor  did  any  of  the  men  working  around  me  make 
any  complaint.  Indeed,  a  wilted  collar  is  an  impossibility 
in  such  a  climate,  as  perspiration  evaporates  as  fast  as 
formed,  and  it  is  only  necessary  to  drink  a  reasonable 
amount  of  water,  and  that  not  too  cold,  to  have  a  far  more 
comfortable  time  than  is  given  to  us  by  our  Eastern  sum- 
mers. What  is  said  of  Owens  Valley  is  true  of  the  entire 
western  side  of  the  Great  Basin,  and  whatever  you  may  hear 
of  the  hardships  that  travellers  may  undergo,  rest  assured 
that*  those  who  are  acquainted  with  the  region  find  our 
Eastern  climate  much  inferior. 

At  the  village  of  Keeler,  the  terminus  of  the  Carson  and 
the  Colorado  Railroad,  on  the  eastern  side  of  the  lake,  are  the 
works  of  the  Inyo  Development  Company,  which  has  been 
extracting  soda  from  the  lake  waters  since  1886,  and  is 
gradually  developing  a  valuable  industry.  So  far  the  com- 
pany has  confined  its  operations  to  supplying  the  wants  of 
the  borax  makers  along  the  line  of  the  railroad,  but  can  at 
any  time  speedily  expand  its  operations  to  produce  large 
amounts  of  high-grade  soda  ash. 

The  composition  of  the  waters  of  Owens  Lake  is  typical 
of  all  of  the  lakes  which  we  have  now  hurriedly  visited,  and 
the  method  of  extraction  here  employed  is  applicable  to  all 
of  them  in  both  its  present  stage  of  development  and  its 
future  possibilities.     We  have,  therefore,  reached  the  point 
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where  we  can  consider  what  this  water  is  and  how  its  valu- 
able constituents  can  be  utilized.  I  am  not  going  to  weary 
you  with  columns  of  analyses,  or  with  technical  details,  for 
all  these  things  have  been  published  and  can  be  read ;  but 
will  try  to  give  you  a  broad  view  of  the  whole  subject,  for 
in  that  way  you  will  be  able  to  form  a  much  better  idea  of 
the  greatness  of  the  future. 

I  have  told  you  that  the  waters  of  these  lakes  contain,  as 
their  principal  constituents,  sodium  salts  (mainly  chloride, 
sulphate,  carbonate  and  bicarbonate),  together  with  some 
borax  and  some  potassium  salts.  Of  these  salts  only  the 
carbonate  and  bicarbonate  have  any  prospective  value. 
These  waters  have  all  been  carefully  and  repeatedly  ana- 
lyzed, and  the  area  and  depth  of  Abert,  Mono  and  Owens 
Lakes  fairly  well  determined.  The  amount  of  the  two 
carbonates  in  each  of  these  lakes  can,  therefore,  be  calcu- 
lated, and  the  results  are  as  follows  : 

Abert  Lake  has  an  area  of  40  square  miles  and  an  aver- 
age depth  of  10  feet ;  Mono  Lake,  85  square  miles  and  depth 
of  60  feet ;  and  Owens  Lake,  over  100  square  miles,  average 
depth  17  feet. 

Taking  these  areas  and  depths,  and  knowing  the  amount 
of  each  salt  in  a  given  volume  of  the  water,  we  obtain  for 
the  number  of  tons  of  carbonate  and  bicarbonate  in  these 
lakes  the  following  surprising  figures : 

Sod.  Carb.,  Tons.  Sod.  Bicarb  ,  Tons. 

Abert  Lake,  .    .3,428,352     (3;^  millions).        1,560,000    (i^  millions). 
Mono  Lake,  .    75,072,000     (75  "  17,936,000     (18         " 

Owens  Lake,  .  39,875,200     (40  "  8,431,000     {S)4       " 


Total,  118,375,552     (118  millions).      27,927,000     (28  millions). 

Vast  as  this  amount  may  seem,  we  must  not  forget  that 
we  are  considering  but  three  localities,  leaving  out  the 
Ragtown  Lakes,  Summer  Lake,  the  Black  Rock  Desert, 
Long  Valley  and  many  other  places,  which  probably  aggre- 
gate a  far  larger  amount.  It  is,  therefore,  no  exaggeration 
to  say  that  within  a  belt  of  country  fifty  miles  wide  and 
extending  from  Abert  Lake,  in  southern  Oregon,  to  Owens 
Lake,  in  southeastern  California,  the  amount  of  sodium  car- 
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bonate,  in  the  form  of  dry  deposits,  or  of  strong-  solutions,  is 
more  than  sufficient  to  make  250,000,000  tons  of  soda  ash. 

Now,  no  one  who  knows  that  country,  will  doubt  these 
fig-ures;  but  for  all  that,  some  hard-headed  man  of  business 
in  this  audience  is  probably  talking  to  himself  thus  : 

"  I  have  no  doubt  of  it.  I  am  also  well  aware  that  un- 
limited quantities  of  a  very  superior  quality  of  ice  exists 
at  the  North  Pole,  but  I  am  quite  sure  that  ice  will  not  be 
any  cheaper  in  Philadelphia  next  summer  for  that  reason. 
I  have  also  been  told  that  all  sea  water  contains  gold,  but 
have  never  heard  of  any  one  getting  rich  from  sea  water 
unless  he  was  a  pirate  or  a  hotel  keeper." 

Our  friend  is  quite  right.  However  lavish  Nature  may 
be,  her  gifts  are  wasted  unless  she  so  bestows  them  that 
they  can  be  used  by  man.  Most  of  these  localities  are  at 
present  inaccessible,  and  it  may  never  be  possible  to  make 
use  of  Mono  Lake  and  of  many  of  the  smaller  localities;  but  I 
feel  that  I  am  not  exaggerating  when  I  say  that,  at  Owens 
Lake  alone,  there  are  space  and  facilities  for  works  large 
enough  to  produce  250,000  tons  of  soda  ash  yearly,  or  the 
present  annual  consumption  of  the  United  States.  More- 
over, by  a  small  addition  to  the  present  railroad  facilities, 
this  entire  amount  can  be  profitably  made  and  distributed 
at  present  prices.  Remembering  also  how  much  soda 
already  exists  in  the  lake,  and  that  the  latter  is  continually 
receiving  additions  through  drainage,  you  will  see  that  even 
this  large  production  could  only  slowly  reduce  the  supply. 

It  now  remains  to  show  you  how  this  work  can  be  done. 
The  fundamental  principles  of  a  correct  extraction  process 
are  these :  The  solubility  of  sodium  bicarbonate  is  much 
less  than  that  of  either  sulphate,  chloride  or  the  ordinary 
carbonate.  At  the  ordinary  temperature  of  60°  F.,  100  parts 
of  water  dissolve  36  parts  of  sodium  chloride,  16  parts  of 
sodium  carbonate,  13  parts  of  sulphate,  and  less  than  9  parts 
of  bicarbonate.  With  rise  of  temperature  the  solubility  of 
sodium  carbonate  and  of  sulphate  increases  greatly,  so  that, 
at  the  summer  temperature  of  90°  F.,  100  parts  of  water  can 
dissolve  46  parts  of  carbonate,  or  50  parts  of  sulphate,  but 
only  1 1  parts  of  bicarbonate.     The  solubility  of  bicarbonate 
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is  also  much  diminished  if  chloride  or  sulphate  is  also 
present  in  the  solution.  If  a  solution  containing  equal 
parts  of  sodium  chloride  and  bicarbonate  is  allowed  to 
evaporate,  it  will  be  found  that  almost  all  of  the  bicarbonate 
will  crystallize  before  the  chloride  begins  to  deposit,  and 
the  same  is  the  case  if  sulphate  is  substituted  for  the 
chloride,  though  the  separation  is  not  so  sharply  defined. 

Now,  if  sodium  carbonate  is  also  present  in  such  a  solu- 
tion, the  bicarbonate,  in  depositing,  takes  with  it  a  certain 
definite  proportion  of  carbonate,  and  forms  with  it  a  well- 
crystallized  salt  of  definite  composition.  This  double  salt 
has  long  been  known  to  mineralogists  under  the  name  of 
"  urao,"  but  its  importance  in  the  technology  of  natural  soda 
has  only  lately  been  recognized.  Upon  the  properties  of 
this  salt  depends  the  entire  process  by  which  high-grade 
soda  ash  can  be  made  from  the  impure  natural  soda.  We 
will,  however,  call  it  "  summer  soda,"  the  name  given  to  it 
at  the  Big  Lake  at  Ragtown,  and  at  Owens  Lake,  where  it 
is  the  product  of  the  crystallizing  vats. 

When  the  solution  of  natural  soda,  such  as  the  water  of 
any  of  these  lakes,  is  allowed  to  evaporate  at  any  tempera- 
ture below  150°  F.,  a  crop  of  crystals  will  be  obtained.  The 
crystals  are  colorless  needles  or  prisms,  and,  if  the  evapora- 
tion is  not  pushed  too  far,  will  be  practically  free  from 
sulphate  or  chloride.  The  composition  is  quite  constant, 
and  the  salt  may  be  considered  as  made  up  of  47  parts  of 
sodium  carbonate,  37  parts  of  bicarbonate,  and  16  parts  of 
v/ater  of  crystallization.  If  a  solution  contains  monocar- 
bonate,  sulphate  and  chloride,  but  no  bicarbonate,  it  will  be 
difficult  to  separate  the  carbonate  from  the  other  salts;  but 
if  bicarbonate  is  present,  this  will  separate  first,  and,  in 
depositing,  every  37  parts  will  take  with  them  47  parts  of 
carbonate.  In  this  way  we  are  able  to  extract  from  such  a 
solution  a  very  large  proportion  of  its  valuable  constituents, 
the  other  salts  remaining  in  the  mother  liquor. 

When  this  "summer  soda  "is  heated  to  a  temperature 
not  much  above  300°  F.,  it  readily  parts  with  its  water  and 
the  excess  of  carbonic  acid  belonging  to  the  bicarbonate, 
and  the  residue  is  a  compact  "  soda  ash  "  or  sodium  carbon- 
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ate.  It  is  therefore  apparent  that,  to  make  a  good  soda  ash 
from  natural  soda,  is  a  very  simple  matter.  Of  course,  to 
produce  the  largest  possible  amount  from  a  given  quantity 
of  raw  material,  and  to  do  this  in  an  economical  manner, 
involves  a  great  many  other  considerations  and  a  thorough 
technical  training,  but  such  details  are  foreign  to  this 
evening's  purpose. 

I  may,  however,  say  here  that  the  carbonic  acid  which  is 
given  off  in  the  process  of  converting  this  summer  soda  into 
soda  ash  must  be  utilized  as  closely  as  practicable  in  any 
rational  manufacturing  method,  and  this  can  be  done  by 
absorbing  it  in  the  raw  solution,  thus  increasing  the.  pro- 
portion of  bicarbonate  and  the  consequent  yield  of  summer 
soda.  If  the  carbonation  of  the  raw  solution  be  pushed  far 
enough,  almost  all  of  the  carbonate  can  be  converted  into 
bicarbonate  and  thus  be  separated  in  one  operation.  This, 
indeed,  will  occasionally  be  found  advisable  in  practice,  but 
the  greater  part  of  the  ash  will  always  be  made  from  sum- 
mer soda  obtained  by  spontaneous  crystallization,  for  which 
the  hot  and  arid  climate  of  the  region  is  especially  favor- 
able, and  enables  the  soda-maker  to  do  his  work  with  the 
minimum  expenditure  of  fuel.  In  such  a  region,  fuel  will 
always  be  an  expensive  item,  and  manual  labor  will  be 
scarce  and,  consequently,  costly.  The  use  of  labor-saving 
devices  and  machinery  naturally  suggests  itself,  but  will  be 
limited  by  the  cost  of  the  necessary  motive  power,  although 
any  extra  expense  for  this  will  probably  be  covered  by 
greater  efficiency  in  work  and  greater  uniformity  of  product. 
The  forms  of  machinery  and  furnaces  used  in  the  other 
soda  processes  are  not  suitable  for  this  industry,  though 
the  principles  can  be  applied  with  substantial  modifications 
in  design.  The  furnace  temperatures  are  low,  and  thus  fuel 
is  saved ;  but  careful  management  is  necessary,  and  the 
furnace  must  be  continuous  and  nearly  automatic.  The 
utilization  of  the  furnace  gases  and  the  economical  hand- 
ling, packing,  shipping,  transporting  and  marketing  of  the 
products,  present  many  interesting  problems  which  may 
have  to  be  solved  by  novel  devices  and  arrangements.  In 
general,  the  distance  to  the  ultimate  market  will  be  great, 
and  every  saving  will  be  necessary. 
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In  conclusion,  I  can  only  repeat  what  I  have  said  upon 
another  occasion:  "  It  would  seem  that  the  time  must  soon 
come  when  these  vast  natural  resources  will  attract  the  seri- 
ous attention  of  capital  and  business  enterprise.  The  path 
is  open.  The  general  chemical  lines  are  already  well  known, 
and  the  engineering  problems,  while  numerous,  are  neither 
very  complex  nor  very  difficult.  With  the  steady  develop- 
ment of  the  transportation  facilities  of  the  far  West,  it  may 
reasonably  be  expected  that  those  arid  regions  will  soon 
become  the  seat  of  a  new,  great  and  prosperous  industry-. 


RECENT    ADVANCES     in    ELECTRO-CHEMISTRY.* 


By  Joseph  W.  Richards,  A.C,  Ph.D. 


The  lecturer  was  introduced  by  the  Secretary  of  the 
Institute,  and  spoke  as  follows : 

Members  of  the  Institute,  Ladies  and  Gentlemen  : 

Electro-chemistry  is  that  division  of  chemical  science 
which  treats  of  the  mutual  relations  of  the  electrical  and 
chemical  forces  ;  it  discusses  the  electrical  effects  of  chemi- 
cal action  and  the  chemical  effects  of  electrical  action. 
This  field  has  received  a  due  share  of  attention  in  the  cen- 
tury which  has  elapsed  since  it  was  opened  to  cultivation, 
but  it  is  only  within  very  recent  year^  that  its  immense 
expansion,  in  both  applied  and  theoretical  aspects,  has 
lifted  it  into  the  position  of  a  distinct  science. 

To  be  qualified  as  an  electro-chemist,  the  scientist  must, 
first  of  all,  be  a  chemist,  knowing  all  that  is  implied  by 
that  term;  and  in  addition  to  this,  he  must  also  be  well 
informed  in  applied  and  theoretical  electricity.  But  men 
thus  qualified  are  few  in  number.  Chemists  generally 
have  a  smattering  of  electricity ;  electricians,  as  a  class, 
know  less    about   chemistry,  so   that   the  scientist  who  is 

*  A  lecture  delivered  before  the  Franklin  Institute,  February  i,  1895, 
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master  in  both  sciences  may  be  termed  a  rara  avis.  Nearly 
all  electro-chemical  processes  can  be  carried  on  only  by 
the  practical  chemist,  while  the  electrician  plays  a  subor- 
dinate role. 

The  rapidly-growing  importance  of  the  applications  of 
electrochemistry  has  created  a  need  for  educated  electro- 
chemists,  with  the  above-described  qualifications.  The 
universities  are  looked  to  as  able,  if  they  will,  to  supply  the 
want;  and,  in  response,  we  note  the  establishment,  within 
the  last  few  years,  of  separate  departments  of  electro- 
chemistry, with  a  professor  at  the  head  devoting  all  his 
attention  to  that  subject.  At  Leipzig,  Dr.  Ostwald ;  at 
Gottingen,  Dr.  Nernst ;  at  Aachen,  Dr.  Classen;  at  Han- 
over, Dr.  Kohlrausch ;  in  Berlin,  Professor  Slaby  and  Dr. 
Vogel ;  in  Munich,  Prof.  W.  von  Miller ;  in  Darmstadt,  Pro- 
fessor Kittler ;  in  Amsterdam,  Professor  van  't  Hoff ;  in 
Miinster,  Professor  Hittorf;  in  Paris,  Moissan.  In  the 
United  States,  Johns  Hopkins  University  has  under  con- 
sideration the  establishment  of  a  chair  of  electro-chemis- 
try, and  will  probably  take  the  lead  in  this  direction,  as  it 
has  done  in  so  many  other  useful  innovations ;  and  it  is  to 
be  hoped  that  in  the  present  brilliant  plans  for  the  exten- 
sion of  post-graduate  study  at  the  University  of  Pennsyl- 
vania, this  promising  field  will  not  be  overlooked. 

In  Germany,  interest  in  electro-chemistry  has  become  so 
general  that  the  German  Electro-Chemical  Society  {Deutsche 
Elektrochemische  6^^^T//.f^//^/V)  was  organized  in  1894.  Sixty- 
five  scientists  signed  the  call  for  a  meeting,  which  was  held 
in  Cassel  on  the  21st  of  April,  when  the  society  was  duly 
organized.  Dr.  Ostwald  was  chosen  first  president,  and 
what  promises  to  become  a  most  flourishing  society  was 
started  with  great  enthusiasm.  The  first  yearly  meeting 
was  held  in  Berlin,  on  October  5th  and  6th,  1894.  Bunsen, 
Kohlrausch,  Hittorf  and  Wiedemann,  the  lights  of  electro- 
chemical science  in  Germany,  were  named  honorary  mem- 
bers. Ostwald  delivered  an  able  address  on  "■  Johann 
Wilhelm  Ritter,  the  Founder  of  Electro-chemistry,"  and  a 
number  of  other  important  papers  were  read  and  discussed. 
At  the  close  of  1894,  the  society  already  numbered  290  mem- 
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bers,  among  whom  were  enrolled  about  a  score  of  interested 
participants  from  this  side  of  the  ocean. 

Within  the  past  year  there  has  also  been  founded  at 
least  one  journal  devoted  exclusively  to  this  new  science, 
and  three  others  which  devote  particular  attention  to  it. 
The  ElektrocJiemiscJie  ZcitscJirift,  a  monthly  journal,  made  its 
first  appearance  in  April,  1894.  It  is  published  in  Berlin, 
and  has  the  co-operation  of  most  of  the  prominent  electro- 
chemists  in  Europe. 

About  the  middle  of  the  same  month,  the  Zeitschrift 
fur  Elektrotechnik  und  Elektrochemie  made  its  first  appearance 
in  Halle,  and  is  now  published  semi-monthly.  This  journal, 
as  its  name  indicates,  gives  equal  attention  also  to  electro- 
technics  in  general.  It  has  been  chosen  as  the  official  organ 
of  the  German  Electro-chemical  Society.  The  Aluminum 
World,  published  monthly  in  New  York,  since  September, 
1894,  devotes  special  attention  to  electro-metallurgy,  one  of 
the  most  important  branches  of  electro-chemistry.  L Alu- 
mifiium  :  Journal  de  L Electrolyse,  is  a  journal  of  similar  range, 
published  monthly  in  Paris,  and  which  has  made  its  first 
appearance  within  a  month  (January  3d).  With  such  excep- 
tionally favorable  facilities  for  spreading  information  in  the 
German,  French  and  English  languages,  not  to  speak  of  a 
host  of  other  journals  of  chemistry,  metallurgy  and  electric- 
ity, eager  to  reprint  each  item  of  value,  every  advance 
in  electro-chemistry  is  sure  of  being  at  once  made  known  to 
the  industrial  and  scientific  world. 

If  inquiry  be  made  as  to  any  recently-published  standard 
books  on  electro-chemistry,  it  must  be  said  that  there  is 
none  which  covers  the  whole  ground.  Ostwald's  "  Elektro- 
chemie— Ihre  Geschichte  und  Lehre''  is  in  course  of  publi- 
cation, but  it  treats  of  the  purely  scientific  side  of  the 
subject.  Dr.  Gore's  "  Electric  Separation  of  Metals  "  is  the 
best  work  in  English  on  electro-metallurgy;  while  Dr.  Bor- 
cher's  '^ Elektrometallurgie''  gives  a  still  more  recent  review 
of  that  part  of  the  field,  in  German.  In  French,  Tomassi's 
unwieldy  volume,  "  U J^lectrochimie^'  is  a  compilation  of 
much  valuable  information  thrown  together  in  a  rather  dis- 
jointed way,  but  the  reader  wiH  find  recorded  in  it  many 
Vol.  CXXXIX.    No.  833.  23 
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out-of-the-way  facts  which  have  escaped  the  other  writers. 
Yet,  many  of  the  subjects  which  will  be  spoken  of  to-night 
are  of  so  recent  development  that  they  have  not  yet  found 
their  way  into  the  books,  and  allusion  to  them  can  be  found 
only  in  the  journals  above  mentioned.  As  the  limits  of  a 
single  lecture  will  only  allow  of  a  brief  allusion  to  many 
interesting  subjects,  I  give  in  each  case  references  to  the 
journals,  which  any  one  interested  may  consult  for  further 
information. 

Electro-chemical  Analysis. — Classen*  has  made  a  noteworthy 
contribution  to  this  elegant  method  of  analysis,  by  an  ex- 
haustive review  of  all  his  methods,  giving  in  each  case  the 
concentration  of  bath,  voltage,  current  density,  temperature, 
etc.,  for  best  working.  Such  data  were  long  needed,  and 
this  very  thorough  memoir  marks  an  epoch  in  the  history 
of  electro-chemical  analysis. 

Batteries. — An  entire  evening  would  be  necessary  to  de- 
scribe all  the  newly-invented  batteries.  One,  however, 
deserves  special  mention  because  of  its  applicability  to 
electro-chemical  experiments  requiring  high  voltage.  War- 
renf  describes  a  cell,  consisting  of  magnesium  in  a  solution 
of  ammonium  chloride  and  copper  in  a  solution  of  cupric 
chloride  and  hydrochloric  acid.  It  is  claimed  for  this  cell 
that  its  electro-motive  force  is  three  volts,  and  that,  because 
of  its  small  internal  resistance,  it  furnishes  a  current  of 
great  quantity.  A  single  large  cell,  it  is  said,  will  run  a 
sewing-machine.  Warren  claims  that  it  gives  a  strong, 
constant  current  for  a  long  time,  and  is  certainly  the  most 
powerful  cell  known. 

Theory  of  Electrolysis. — Ostwald  and  the  investigators 
identified  with  the  new  school  of  physical  chemistry,  have 
industriously  worked  upon  this  subject.  The  theory  of  free 
ions  in  a  solution  has  been  elaborated.  By  this  theory  it  is 
assumed  that  when  a  salt,  such  as  potassium  chloride,  is 
dissolved  in  a  large  amount  of  water,  part  of  the  salt  mole- 
cules are  dissociated  into  free  potassium  and  chlorine  atoms 

^  Berichte  der  Deutsch.  Chem.  Gesellsch.,  1894,  2060.     Elekirochemische 
Zeitschrift,  November,  1894,  144. 
t  Chemical  News,  70,  179. 
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(ions),  and  that  the  current  has  a  directive  tendency  only  on 
these  free  ions.  Salts  which  do  not  thus  dissociate  give 
solutions  which  do  not  conduct  electricity  ;  therefore,  all 
electrolytes  are  composed  of  the  salts  which  do  disso- 
ciate. Further,  all  electrolysis  of  aqueous  solutions  is  held 
to  be  primary ;  secondary  reactions  are  regarded  as  an  unnec- 
essary complication  of  the  explanation  ;  the  water  is  always 
primarily  decomposed.  Thus,  a  solution  of  potassium  sulphate 
is  supposed  to  contain,  as  free  ions,  hydrogen  and  potassium 
atoms  and  hydroxyl  (OH)  and  sulphuryl  (SOJ  groups.  At 
the  negative  electrode,  hydrogen  is  separated,  and  the  hy- 
droxyl groups  left  behind  form  potassium  hydrate  with  the 
potassium  ions  in  the  solution ;  on  the  other  electrode, 
hydroxyl  separates,  while  the  hydrogen  atoms  left  behind 
form  sulphuric  acid  with  the  sulphuryl  ions  in  the  solution. 

The  above  explanation,  I  beg  to  observe,  is  a  literal  trans- 
lation of  Dr.  Le  Blanc's  own  words,  and  shows  us  how  com- 
pletely these  theorists  are  begging  the  question.  Your 
lecturer  coincides  entirely  with  the  committee  of  the  British 
Association  for  the  Advancement  of  Science,  that,  while 
many  remarkable  facts  have  been  recorded,  and  ingenious 
experiments  made,  by  the  German  school,  their  explana- 
tions and  theories  are  insufficient,  misleading,  and  not  war- 
ranted by  the  facts.  The  electrolytic  dissociation  theory  is 
fundamentally  opposed  to  the  doctrine  of  the  conservation 
of  energy,  and  the  attempts  of  the  upholders  of  the  theory 
to  answer  this  objection  satisfactorily,  have  been  altogether 
futile;  indeed,  some  of  their  so-called  explanations  are 
unworthy  of  serious  attention. 

O.  Wiedeburg^  has  recently  proven,  by  very  careful  exper- 
iments, that  when  the  electromotive  force  at  the  electrodes 
is  less  than  the  voltage  calculated  as  necessary  for  decom- 
position, a  very  small  current  passes  through  the  solution, 
which  increases  slowly  as  the  voltage  increases,  and  rises 
very  suddenly  when  the  calculated  voltage  is  reached.  But 
the  curve  showing  the  quantity  of  current  passing  is  not 
vertical  at  any  point,  although  very  steep  in  the  neighbor- 


'^ Zeitschrift  fur  Physikalische  Chemie,  14,  174. 
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hood  of  the  calculated  decomposing  point.  This  would 
show  that  in  the  solution  some  molecules  of  the  salt  are 
bound  together  with  a  force  less  than  the  average  for  all  the 
molecules,  while  others  are  bound  together  more  strongly. 
It  is  only  a  confirmation  of  the  Clausian  theory  of  molecular 
motion,  and  in  no  sense  proves  the  electrolytic  dissociation 
hypothesis. 

The  reports  of  the  Electrolysis  Committee  of  the  British 
Association  for  the  Advancement  of  Science  will  be  found 
to  contain  much  healthy  criticism  of  these  new  electrolytic 
theories. 

Electricity  Directly  from  Carbon. — E.  E.  Brooks*  discusses 
what  has  been  done  in  this  direction.  He  dismisses  thermo- 
couples with  a  very  few  words,  as  having  too  low  an  effi- 
ciency ever  to  be  economical  on  a  large  scale.  The  only 
promising  forms  are  cells  using  carbon  as  the  negative 
plate.  Nitre  is  unsuitable  as  an  exciting  liquid,  because  it 
acts  too  violently  and  too  much  is  consumed  for  economy. 
The  greatest  stumbling-block,  however,  is  the  material  for 
the  positive  plate.  Platinum  is  too  costly  and  other  metals 
oxidise  too  easily.  Brown  found  that  by  inserting  a  carbon 
rod  in  a  Hessian  crucible  placed  in  a  fire,  and  another  car- 
bon rod  in  the  fire  outside  the  crucible,  a  difference  of  po- 
tential of  0'2  volts  was  noticed  between  the  two  carbons. 
On  putting  nitre  into  the  crucible,  the  voltage  rose  to  0-4, 
the  crucible  acting  as  a  porous  cell.  Under  similar  circum- 
stances, with  melted  potassium  bi-sulphate  in  the  crucible, 
voltage  as  high  as  1*57  was  obtained,  and  a  current  strong 
■enough  to  run  a  bell.  If  a*  few  drops  of  concentrated  sul- 
phuric acid  were  added  from  time  to  time,  the  current  could 
^e  kept  up  as  long  as  desired.  Brooks  concludes  that  in 
this-case  potassium  pyrosulphate  is  the  electrolyte. 

Ostwald  records  this  experiment :  Two  vessels  containing 
water  are  connected  by  an  inverted  U-tube.  In  one  is 
placed  a  platinum  electrode,  and  in  the  other  a  zinc  elec- 
trode, and  these  are  connected  by  a  wire  running  through  a 
galvanometer.      On   adding    some    sulphuric   acid   to   the 

*Elektrochemische  Zeiischrift^  1894,  124. 
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water  surrounding  the  zinc,  brisk  chemical  action  begins, 
but  there  is  no  current  in  the  wire.  On  the  other  hand,  if 
the  acid  be  added  to  the  water  surrounding  the  platinum, 
gas  is  liberally  evolved  at  the  platinum  electrode  and  a 
strong  current  is  set  up  in  the  wire.  From  this  experiment, 
Ostwald  argues  that  in  order  to  get  the  full  effect  of  the 
chemical  action  converted  into  electricity,  in  Jablochkoff's 
cell  (iron  and  carbon  in  fused  nitre),  the  oxidising  material 
should  be  around  the  iron  only,  and  not  in  contact  with  the 
carbon. 

In  the  future  carbon  cell,  the  oxidising  material  will  not 
be  around  the  carbon,  but  around  the  non-oxidising  elec- 
trode. A  cell  properly  constructed  on  these  principles  could 
burn  carbon  like  an  ordinary  stove,  but  what  is  wanted 
before  we  can  construct  it  is  a  suitable  electrolyte,  which 
will  act  merely  as  a  medium  or  conveyor  of  the  oxygen,  and 
which  will  not  be  consumed.  The  solution  of  this  problem 
does  not  appear  impossible. 

Borchers*  attacks  the  question  from  another  direction. 
He  argues  thus  :  "  It  is  practically  impossible  to  oxidise 
carbon  satisfactorily  in  a  cell  and  obtain  its  energy  of  oxi- 
dation as  electricity.  The  gasification  of  the  coal  to  car- 
bonic oxide  and  the  subsequent  oxidation  of  this  combusti 
ble  gas  in  the  cold,  is  the  first  rational  step  toward  obtaining 
the  electric  current."  Borchers,  therefore,  directs  his  inves- 
tigations toward  a  cell  in  which  carbonic  oxide  is  dissolved 
in  a  menstruum,  and  in  that  condition  is  oxidised.  A  solu- 
tion of  cuprous  chloride  dissolves  oxygen,  carbonic  oxide 
and  hydrocarbon  gases.  A  cell  is  therefore  constructed 
containing  this  solution,  dipping  into  which  are  two  copper 
tubes  serving  as  +  poles,  and  through  which  carbonic  oxide 
is  forced  into  the  solution.  Between  these  is  an  inverted 
carbon  bell,  into  which  is  pumped  air,  and  which  serves  as 
the  —  pole.  An  electromotive  force  as  high  as  0*4  volts  is 
obtained,  whereas  the  oxidation  of  carbonic  oxide  should 
give  I  "47  volts.  A  very  feeble  current,  however,  is  obtained 
from   a   large   cell.      The  correct  theory  of   the   chemical 

*  Report  of  the  first  yearl}^  meeting  of  the   German    Electro-Chemical 
Societ}',  October  6,  1894. 
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actions  occurring  is  not  beyond  doubt,  and  the  cell  is  at 
present  very  far  from  being  successful  in  an  economic 
sense. 

This  gas  element  has  attracted  wide  attention.  Already, 
L.  S.  Powell*  has  suggested  an  improvement.  The  carbon 
electrode  is  heated  red-hot  in  the  air  for  a  short  time,  giving 
it  a  mossy  coating,  which  absorbs  oxygen  more  readily,  and 
makes  its  action  as  a  porous  cell  much  stronger. 

Ozone. — Dr.  Frohlichf  reviews  the  production  and  utiliza- 
tion of  ozone.  Siemens  and  Halske  produce  it  cheaply  in 
large  quantity  by  passing  through  air  the  silent  discharge 
of  a  very  h  igh  potential  alternating  current.  Two  metal  tubes 
are  taken,  one  placed  inside  the  other,  insulated  from  each 
other  by  strips  of  mica,  and  air  is  passed  between  them 
while  the  discharge  passes  from  one  tube  to  the  other.  Or, 
two  thin  glass  tubes  are  placed  within  a  third.  Inside  the 
inner  one  is  water;  between  it  and  the  next  is  the  air 
space,  and  between  the  second  and  third  again  is  water. 
The  two  w^ater  poles  are  made  the  terminals  of  the  cur- 
rent. The  ozone  thus  made  is  used  for  disinfection,  bleach- 
ing wax,  oils  and  sugars,  restoring  the  taste  to  alcoholic 
liquors,  purifying  tobacco  and  coffee,  and  for  making  nitric 
acid.  It  is  stated  that  a  method  has  been  discovered,  and 
which  will  soon  be  published,  whereby  nitric  acid  can  be 
made  directly  from  moist  air  in  the  ozone  tube. 

Purification  of  Drinking  Water. — G.  Oppermann|  affirms 
that  "  since  all  natural  water  contains  small  quantities  of 
different  salts,  these  can  be  resolved  into  their  constituents 
by  the  electric  current,  and,  under  certain  conditions,  form 
ozone  and  hydrogen  peroxide,  which  purify  the  water  by 
destroying  the  organic  impurities  and  lower  organisms.  It 
is  now  established  that,  under  proper  conditions,  water 
can  be  completely  sterilized  by  the  electric  current.  The 
organic  impurities  can  be  so  completely  removed  that  treat- 
ment in  the  chemical  way  will  show  no  trace  of   organic 

*  Electrical  Review,  December  7,  1894. 
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matter,  and  bacteriological  tests  by  gelatine  cultures  will 
show  no  trace  of  micro-organisms."  Oppermann  first  passes 
the  current  through  with  platinised  electrodes.  The  ozone 
and  hydrogen  peroxide  left  in  the  water  give  it  an  unpleas- 
ant taste,  to  remove  which  the  water  is  again  electrolysed 
with  aluminium  electrodes.  Precipitated  hydrous  alumina 
is  formed,  which  completely  clears  the  water,  the  glue-like 
material  enveloping  the  finest  suspended  particles,  entang- 
ling and  carrying  them  down  with  it.  In  this  operation, 
a  current  of  low  voltage  and  large  quantity  is  used.  The 
precipitate  is  filtered  out,  calcined  and  sold  as  alumina. 

Dr.  Lugo  simplifies  the  matter  by  electrolysing  only  wnth 
aluminium  electrodes.  This  causes  a  greater  consumption 
of  aluminium,  but  not  enough  to  interfere  with  the  practi- 
cability of  the  process,  and  the  work  is  done  in  one  operation. 
The  apparatus  consists  of  a  trough  in  which  are  placed 
alternately  zinc  and  aluminium  electrodes,  the  latter  being 
the  anodes.  Water  flows  continuously  through  the  trough, 
underneath  each  aluminium  plate  and  over  each  zinc  plate, 
passing  out  at  the  other  end.  It  is  then  filtered  to  remove 
the  alumina.  The  apparatus  can  be  constructed  on  any 
desired  scale,  and  it  is  reported  that  plans  have  been  drawn 
for  a  plant  to  purif}^  Passaic  River  water  for  the  supply  of 
Jersey  City,  to  the  extent  of  30,000,000  gallons  daily. 

Purification  of  Salt-spring  Brine. — The  usual  impurities  are 
the  bicarbonates  of  iron,  calcium  and  magnesium,  calcium 
chloride  and  sulphate  and  magnesium  sulphate.  Collins* 
passes  through  it  a  current  of  2-5  volts,  which  does  not  affect 
the  common  salt,  but  renders  the  impurities  insoluble. 
Calcium  bicarbonate,  for  instance,  splits  up  into  calcium 
hydrate  (precipitated)  and  carbonic  acid  gas,  while  the  latter 
precipitates  more  of  the  bicarbonate  as  carbonate;  the 
reactions  are 

CaH2(C03)2  =  Ca(OH).,  +  2CO, 
CaH2(C03)2  +  CO2  =  CaCOs  +  H,0  -f  2CO2 

Disinfection  of  Seivage. — Hermite's  process  of  electrolysing 
sea-water  with  the  formation  of   magnesium  hypochlorite, 


*  Wagner's  Jahresbericht,  1892,  326. 
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and  running  this  into  the  sewage,  has  been  subjected  to  a 
tliorough  test  at  Worthing,  England.  The  medical  officer 
of  the  local  Health  Board  says,  in  his  report,  that  there  is 
no  instantaneous  decomposition  of  fecal  matter,  and  no  com- 
plete sterilization  of  the  sewage,  and  recommends,  as  an  im- 
provement, the  passing  of  the  electric  current  directly 
through  the  sewage  itself,  2*5  to  3  volts  being  sufficient  to 
kill  all  ordinary  bacilli. 

At  Brewsters,  New  York,  the  Hermite  process  has  been 
adopted,  however,  with  great  satisfaction.*  A  current  of 
700  amperes  and  five  volts  is  sent  through  sea-water  as  it 
flows  slowly  between  four  carbon  cathodes  (each  one  foot 
square),  and  three  platinised  copper  anodes.  The  rate  of 
flow  is  so  regulated  that  the  solution  is  electrolysed  to  the 
proper  degree,  and  then  is  caused  to  overflow  directly  into 
the  sewer.  The  disinfection  is  practically  complete.  Com- 
parative tests  show  that  the  solution  equals  in  effective 
strength  a  one  per  cent,  solution  of  chloride  of  lime,  which 
latter  would  cost  1*4  cents  per  gallon,  while  the  electrolysed 
sea-water  costs  only  O'oi  cent. 

The  process  is  thus  proved  to  be  satisfactory  for  treating 
ordinary  dilute  sewage,  but  the  English  tests  show  that  it 
does  not  completely  stetilize  concentrated  sewage. 

Bleaching.^ — Hermite's  process  consists  in  decomposing 
a  solution  of  magnesium  chloride,  the  resulting  hypochlorite 
being  allowed  to  act,  either  directly  on  the  substance  to  be 
bleached,  and  which  is  placed  in  the  electrolyser,  or  by  being 
drawn  off,  and  the  bleaching  done  in  a  separate  tank.  The 
process  is  in  general  use  abroad,  and,  to  a  limited  extent, 
also  in  the  United  States.  Animal  fibres  cannot  be  sub- 
jected to  this  mode  of  bleaching;  it  is  most  usually  applied 
to  cotton,  linen,  hemp,  jute  and  paper  pulp.  In  treating  wood 
pulp,  it  is  subjected  to  the  action  of  a  hot  solution  of  common 
'*salt,  under  pressure,  while  the  electric  current  is  simultane- 
ously passed  through.  This  is  effected  in  a  strong  digester, 
patented  by  Kellner.  Electrolytic  bleaching  costs  about  one- 
half  as  much  as  the  old  method  with  chloride  of  lime.     The 

*  Journal  American  Chemical  Society,  January,  1894. 
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electric  current  which  lights  the  works  at  night  can  be  run 
during  the  day  through  the  electrolysers. 

Dr.  Goppelsroeder*  reviews  the  app'lications  of  the  elec- 
tric current  made  by  him  during  the  last  twenty  years,  to 
the  production,  changing  and  destroying  of  coloring  mat- 
ters. He  shows  how  some  organic  colors  are  bleached  by 
the  current,  others  changed,  and  others  produced  from  non. 
coloring  material.  By  using  electrodes  of  any  desired  de- 
sign, acting  on  fabric  saturated  with  dye,  different  colored 
designs  are  obtained.  Or,  if  the  fabric  be  saturated  with  a 
suitable  electrolyte,  patterns  can  be  bleached  upon  it  in  the 
same  way. 

Tanning. —  Grothf  utilizes  electricity  in  tanning  by  fasten- 
ing the  raw  hides  on  a  barrel,  which  is  caused  to  revolve  on 
a  vertical  axle,  thus  forming  a  cylinder,  whose  outer  surface 
is  pressed  upon  by  a  number  of  long,  vertical  rollers  carry- 
ing the  current,  which  is  taken  away  by  plates  attached  to 
the  rollers.  The  rolling  and  squeezing  force  the  tannin  into 
the  leather,  while  the  electricity  facilitates  the  absorption 
of  the  tanning  material.  During  1894,  a  plant  using  this 
process  w^as  started  at  Orbe,  Switzerland,  having  a  weekly 
output  of  300  finished  skins. 

Purification  of  Sugar  Syrnp. — If  an  impure  sugar  syrup 
be  subjected  to  electrolysis,  the  organic  coloring  matters 
are  destroyed  by  oxidation,  and  many  of  the  inorganic  salts 
present  may  be  removed  by  using  suitable  electrodes. 
SchoUmeyer,  Behm  and  DanmeyerJ  heat  the  syrup  to  70°  or 
75°  C,  in  vessels  holding  1*5  cubic  meters,  and  pass  a  cur- 
rent of  50  to  60  amperes  at  a  tension  of  4  volts  to  each 
vessel,  using  electrodes  of  zinc  or  aluminium,  having  a  total 
surface  of  12  to  14  square  meters.  The  negative  pole  soon 
becomes  covered  with  a  gummy  coating,  which  is  almost 
pure  albumen,  and  increases  the  electrical  resistance,  to 
avoid  which  the  current  is  reversed  every  tw^o  or  three  min- 
utes. The  current  is  applied  only  eight  to  ten  minutes,  at  the 
end  of  which  time  the  syrup  is  run  out  into  a  vat  and  treated 


*  Eleklrochemische  Zeitschrift,  April,  1894,  3. 
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in  the  usual  way  with  milk  of  lime.  The  advantages  of  the 
electrical  treatment  are  that  less  milk  of  lime  is  needed,  and 
that  the  use  of  bone  charcoal  is  done  away  with.  The  zinc 
or  aluminium  anodes  are  attacked,  forming  alkaline  salts, 
which  precipitate  the  impurities  of  the  sugar,  while  the 
gummy  aluminium  hydrate  brings  down  all  suspended  im- 
purities. Daix^'  states  that  one  electric  horse-power  will 
suffice  to  refine  daily  the  syrup  from  lOO  tons  of  beet  root,  and 
that  the  process  is  in  successful  use  in  several  of  the  Ger- 
man refineries. 

Bacteriological  Experiments. — Smirnow  and  Klempererf 
have  made  some  remarkable  experiments  concerning  the 
action  of  electricity  on  virulent  bacteria  cultures.  It  has 
been  proven  that  when  active  bacilli  of  consumption  and 
cholera  are  subjected  to  electrical  action,  the  electrolysed 
liquid  gives  immunity  against  fatal  quantities  of  the  same 
bacteria.  It  has  not  been  proven  that  it  will  act  as  an  anti- 
dote after  the  fatal  poison  has  entered  the  system.  Smirnow 
electrolysed  albumin  cultures  of  diphtheria  poison,  and  found 
at  once  that,  although  all  the  bacilli  therein  are  not  killed, 
yet  the  liquid  thus  produced  gives  immunity  to  the  system 
against  the  virulent  poison.  Experiments  with  dogs  and 
rabbits  have  been  conclusive,  and  the  medical  profession 
is  hastening  to  apply  the  serum  thus  produced  in  actual 
practice.  The  possibility  of  extending  this  principle  to  the 
treatment  of  all  germ  diseases  is  one  of  the  great  questions 
of  modern  medical  science. 

Manufacture  of  Chloroform. — The  electrical  method  is  so 
cheap  and  expeditious  that  it  is  rapidly  displacing  all  others. 
An  enameled-iron  retort  is  used,  having  a  double  bottom 
by  which  it  is  steam-heated.  Two  lead  plates  form  the 
electrodes.  A  twenty  per  cent,  solution  of  common  salt  is 
placed  in  the  retort,  brought  to  the  boiling  point;  the  current 
is  caused  to  flow,  and  acetone  is  then  passed  continuously 
through  the  electrolysed  solution.  The  free  chlorine  gene- 
rated by  the  electrolysis  of  the  salt  acts  on  the  acetone, 
forming  chloroform,  which  distils  off  and  is  collected  in  a 
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suitably  attached  condenser.  Chloroform  thus  prepared 
contains  no  foreign  chlorine  compounds,  and  the  return  per 
100  parts  of  acetone  is  190  parts  of  chloroform  out  of  a 
possible  yield  of  206  parts. 

Aniline  Colors. — The  use  of  the  electrical  current  to  pro- 
duce oxidations  and  reductions  in  the  manipulation  of 
organic  substances,  particularly  in  producing  dyes,  has  been 
carried  so  far  that  it  is  impossible  to  attempt  even  to  enu- 
merate them  here.  In  general,  the  electrolyser  is  divided 
into  two  parts  by  a  porous  partition,  and,  if  oxidation  be  the 
objective  point,  the  liquid  is  placed  in  the  anode  compart- 
ment ;  or,  if  reduction,  then  in  the  cathode  cell. 

Cadinimn  Yellow. — This  valuable  pigment  is  easily  made 
by  electrolysing  a  solution  of  common  salt  with  cadmium 
electrodes,  at  the  same  time  leading  a  current  of  sulphu- 
retted hydrogen  into  the  solution.  Cadmium  sulphide  is 
continuously  precipitated  as  quickly  as  cadmium  chloride 
goes  into  solution,  the  pigment  being  of  different  shades, 
according  to  the  conditions  of  the  electrolysis. 

Antimony  Vermilion. — Chemically,  this  pigment  is  anti- 
mony sulphide,  and  may  be  prepared  electrolytically  in  a 
manner  in  all  respects  similar  to  that  employed  in  making 
the  cadmium  compound,  except  that  antimony  electrodes  are 
used. 

Vermilion.'^ — The  following  process  for  preparing  mercury 
sulphide  has  been  described.  A  wooden  tank,  one  meter 
high  and  two  meters  in  diameter,  is  provided  with  a  shelf 
near  the  bottom,  on  which  are  placed  saucers  containing 
mercury,  connected  with  the  positive  pole  of  a  dynamo.  The 
negative  pole  is  a  steeled  copper  plate  lying  on  the  bottom. 
The  liquor  placed  in  the  tank  contains  eight  per  cent,  each 
of  ammonium  and  sodium  nitrates.  A  perforated  coiled 
tube  conveys  sulphuretted  hydrogen  into  the  tank,  and 
an  agitator  keeps  the  whole  in  motion.  From  time  to  time 
the  precipitated  vermilion  is  filtered  out. 

Scheeles  Green. — An  eight  per  cent,  solution  of  sodium 
sulphate  is  electrolysed  with  copper  electrodes.     The  bath 

*  La  Lumiere  Electrique,  1894,  52,  376. 
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is  heated  by  a  steam  coil,  and  a  little  sack  containing  white 
arsenioiis  oxide  is  suspended  in  the  liquid.  The  current 
forms  copper  sulphate  and  caustic  soda.  The  latter  dis- 
solves the  arsenic  to  sodium  arsenite,  which  at  once  pre- 
cipitates the  copper  sulphate  as  copper  arsenite,  regenerat- 
ing sodium  sulphate.  The  process  is  made  continuous  by 
renewing  the  arsenic  and  the  copper  plates,  and  straining 
out  the  precipitated  pigment. 

Mitis  Green. — If  the  arsenious  oxide  be  replaced  by  arsenic 
pentoxide,  copper  arsenate  is  precipitated.  For  this  pur- 
pose a  solution  of  the  oxide  is  allowed  slowly  to  trickle  into 
the  bath  around  the  negative  electrode.  One  electric  horse- 
power produces  about  one-fifth  of  a  kilo  of  pigment  per 
hour. 

Japanese  Red. — This  pigment  is  a  lead  oxide  colored  by 
eosin.  It  is  made  electrolytically  by  electrolysing  a  ten 
per  cent,  solution  of  sodium  acetate  with  lead  plates,  an 
eosin  solution  being  run  in  continuously  during  the  opera- 
tion. The  precipitated  lead  oxide  takes  up  the  coloring 
matter  as  it  is  forming,  and  the  product  is  separated  by 
decantation.  Rhodamin  may  be  used  instead  of  eosin,  and 
zinc  electrodes  in  place  of  those  of  lead. 

Prussian  Blue.^ — Goebel  precipitates  a  solution  of  potas- 
sium ferrocyanide  by  means  of  a  ferrous  salt,  such  as  cop- 
peras ;  suspends  the  precipitate  in  water  and  electrolyses  it. 
The  solution  is  acidified  with  five  per  cent,  of  an  acid  and 
put  into  the  anode  compartment  of  the  electrolyser.  If  the 
action  be  prolonged  the  blue  color  becomes  faint,  and  the 
product  finally  passes  into  a  dark  Berlin  green. 

White  Lead. — Stevensf  electrolyses  a  fifteen  per  cent,  solu- 
tion of  nitric  acid  with  lead  electrodes,  passing  in  continu- 
ously a  curfent  of  carbonic  acid  gas.  The  lead  carbonate  is 
precipitated  continuously.  Ferranti,  of  London,:j:  uses  a 
solution  of  ammonium  acetate  and  encloses  the  anodes  in 
porous  cells.  The  electrolysis  yields  a  solution  of  lead 
acetate  at  the  anode  and  caustic  ammonia  at  the  cathode. 

*  Engineering  and  Mining  Journal,  January  19,  1895. 
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These  solutions  are  run  out  into  separate  tanks,  and  the 
ammonia  is  carbonated  by  running  carbonic  acid  gas  into  it. 
The  solution  of  ammonium  carbonate  is  then  mixed  with 
that  of  lead  acetate,  precipitating  white  lead,  and  leaving 
ammonium  acetate  in  solution  to  be  used  over  again.  This 
precipitation  is  performed  with  the  solutions  hot.  The 
electrolyser  consists  of  lead  plates  locked  together  in  a 
frame,  as  in  a  filter-press,  the  frames  being  insulated  from 
each  other  by  porous  diaphragins  of  stout  Willesdenized 
paper. 

This  process,  or  one  similar  to  it,  is  already  in  operation 
on  an  experimental  scale  at  the  works  of  one  of  the  largest 
lead-paint  makers  in  Philadelphia. 

Caustic  Alkali,  Soda  and  Bleaching  Powder, — The  practical 
electrolysis  of  a  strong  solution  of  common  salt,  producing 
caustic  soda  and  chlorine  gas— the  former  being  used  for 
making  carbonate  of  soda,  and  the  latter,  bleaching  powder 
— is  of  very  recent  development.  On  passing  the  electric 
current  through  strong  brine  the  salt  is  decomposed,  caustic 
soda  forms  around  the  cathode  and  chlorine  is  set  free  at 
the  anode.  The  substances  decomposed  and  the  heat 
absorbed  are  as  follows : 

Calories. 

I  molecule  of  salt  in  solution  (Na,  CI,  H^O) 96,510 

I  molecule  of  water  (Hj.O) 69,000 

Sum 165,510 

The  substance  formed  and  heat  developed  are  : 

I  molecule  of  caustic  soda  in  solution  (Na,  O,  H,  HjO)  .    .    .    iii,8[o 

Deficit  of  heat 53.7oo 

Voltage  required  ^-^ —  =  2*33  volts. 

23,000 

The  practical  difficulties  encountered  in  this  operation 
are  to  find  an  anode  which  will  not  disintegrate  rapidly 
under  the  combined  attack  of  nascent  chlorine  and  oxygen, 
and  to  construct  a  porous  diaphragm  which  will  keep  the 
caustic  soda  around  the  cathode  from  re-combining  with 
the  chlorine  around  the  anode. 
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Greenwood  saturates  carbon  anodes  with  tar  and  bakes 
them  at  a  high  temperature.  Castner  embeds  the  carbons 
in  powdered  carbon  and  heats  them  white  hot  with  an  elec- 
tric current,  changing-  them  into  graphite,  which  is  more, 
resisting.  Hopfner  claims  that  both  anodes  and  cathodes 
can  be  replaced  by  ferro-silicon,  cast  into  any  desired  shape. 

Riekmann  and  Le  Seur  use  a  porous  partition  made  of 
parchment  paper  soaked  in  blood  and  coagulated,  the  albu- 
min forming  the  body  of  the  diaphragm.  Le  Seur  uses  the 
expedient  of  a  double  diaphragm,  into  the  centre  of  which 
the  fresh  brine  is  run  a  little  faster  than  it  filters  through. 
The  level  of  liquor  in  the  diaphragm  is  thus  kept  higher 
than  in  the  cell,  and  as  the  solution  flows  both  ways  into 
the  anode  and  cathode  compartments,  a  mixing  of  the 
liquors  in  these  compartments  is  thereby  prevented.  Har- 
greaves  uses  a  screen  of  fine  copper  wire  on  which  asbestos 
fibre  has  been  deposited.  This  is  said  to  be  the  best 
diaphragm  yet  used,  lasting  well  and  having  very  low  re- 
sistance. Hermite  has  proposed  a  horizontal  diaphragm  of 
mercury,  supported  on  gauze  of  asbestos  or  other  non- 
conducting material.  Castner  uses  a  movable  mercury 
diaphragm,  which  will  be  described  in  detail. 

Kellner  avoids  the  re-combination  of  caustic  soda  and 
chlorine  by  introducing  carbonic  acid  gas  into  the  cathode 
liquor  and  precipitating  the  soda  as  bicarbonate.  Parker 
and  Robinson  propose,  since  the  caustic  is  largely  used  in 
making  soap,  that  fatty  acids  be  introduced  into  the  cathode 
cell,  when  the  soap  produced  by  the  caustic  acting  on  them, 
floats,  and  may  be  skimmed  off. 

H.  Y.  Castner,  of  New  York,  has  patented  the  following 
ingenious  apparatus  :*  A  shallow  vessel  is  divided  into  three 
compartments  by  two  partitions  reaching  from  the  top 
nearly  to  the  bottom.  The  outer  cells  are  closed  by  tight 
lids.  Mercury  is  placed  in  the  bottom,  deep  enough  to  reach 
the  partitions  and  isolate  the  three  compartments.  In  the 
outer  cells  a  strong  brine  solution  is  kept  circulating,  and  in 
this  are  placed  carbon  anodes,  close  to  the  surface  of  the  mer- 
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ciiry.  Pure  water  circulates  in  the  middle  cell,  into  which 
dips  an  iron  cathode.  On  passing  the  electric  current,  the 
mercury  in  the  outer  cells  acts  as  a  cathode,  and  absorbs 
metallic  sodium,  while  chlorine  gas  is  set  free  at  the  carbon 
anodes  and  passes  into  a  gas  main  in  communication  with 
the  cover.  The  sodium  diffuses  into  the  merciTry  in  the 
centre  cell,  the  diffusion  being  assisted  by  a  slight  rocking 
motion  given  to  the  whole  vessel  by  a  suitable  mechanism. 
In  this  cell  the  mercury  acts  as  anode  and  the  iron  plate  as 
cathode.  The  water  is  decomposed,  hydrogen  gas  is  vSet  free 
at  the  cathode,  while  the  oxygen  liberated  at  the  anode  (the 
mercury)  oxidises  the  sodium  in  it  to  Na.^O,  which  combines 
with  water  to  form  caustic  soda.  The  mercury  rarely  con- 
tains at  any  time  over  0*2  per  cent,  of  sodium.  The  fittings 
to  each  vessel  are  pipes  to  the  outer  cells  to  circulate  fresh 
brine,  a  gas  main  to  take  away  chlorine,  and  pipes  to  the 
inner  cell  to  supply  water  and  take  away  the  caustic  solu- 
tion, which  only  needs  evaporation  to  be  in  marketable 
shape.  The  plant  now  in  operation  at  Oldbury,  near  Bir- 
mingham, England,  consists  of  30  decomposing  vessels,  a 
dynamo  giving  550  amperes  at  120  volts  (4  volts  to  a  cell), 
run  by  a  no  horse-power  engine.  The  daily  output  is 
1,200  pounds  of  pure  chlorine  gas  and  1,000  pounds  of  99}^ 
per  cent,  caustic  soda.  The  plant  was  put  in  operation  in 
July  last,  and  probably  marks  the  beginning  of  an  immense 
industry. 

Electrolytic  soda  plants  are  springing  up  all  over  Europe, 
wherever  cheap  raw  materials  (salt,  limestone,  coal)  are 
available,  and  particularly  where  water-power  can  be  had. 
Already  the  combined  output  is  nearly  100,000  tons  yearly, 
and  Lunge,  the  Mentor  of  the  soda  industry,  has  given  it  as 
his  opinion  that  it  is  only  a  question  of  a  few  years  when 
the  historic  Le  Blanc  process  and  the  ingenious  ammonia  pro- 
cess will  be  entirely  eclipsed. 

Potassium  Chlorate. — By  electrolysing  a  hot  solution  of 
potassium  chloride,  and  allowing  a  free  mixture  of  the 
caustic  potash,  chlorine  and  oxygen  produced,  potassium 
chlorate  results,  the  reaction  being 

KOH  +  CI  +  O2  =  KCIO3  +  HCl 
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F.  Hurter  recommends  that  the  solution  be  electrolysed 
in  a  metallic  vessel  which  itself  forms  the  cathode,  the 
anode  being  formed  of  thin  sheets  of  platinum.  Hausser- 
mann  and  Nachold'*'  hold  it  the  best  practice  to  use  a  por- 
ous cell  enclosing  the  anode,  around  which  circulates  a 
solution  of  caustic  potash,  while  potassium  chloride  solution 
is  used  outside.  The  chlorine  and  oxygen  set  free  at  the 
anode  convert  the  caustic  into  chlorate,  while  the  chloride 
solution  is  gradually  converted  into  caustic.  Strong  solu- 
tions, a  temperature  of  80°  C,  and  platinum  anodes  give  the 
best  results. 

About  2,000  tons  of  potassium  chlorate  are  used  yearly 
for  making  safety  matches.  The  Soci^te  d' Electrochimie  at 
Vallorbes,  in  the  Jura  Mountains,  Switzerland,  operates  an 
electrolytic  plant  of  2,000  horse-power,  and  produces  yearly 
600  tons.  The  SuperpJiosphat  Aktien  Gesellschaft  has  erected 
a  6,500  horse-power  plant  atMansboe,  in  Dalecarlia,  Sweden, 
and  at  the  present  time  it  is  probable  that  all  the  potassium 
chlorate  marketed  is  produced  by  the  electrolytic  method. 

Chromic  ajtd  Similar  Acids. — Placet  and  Bonnet,  of  Paris, f 
produce  chromic  acid  by  electrolysing  alkaline  chromate  or 
bichromate  in  solution,  using  carbon  electrodes.  The 
cathode  is  placed  in  a  porous  cup  filled  with  pure  water,  the 
anode  in  the  chromate  solution.  Caustic  alkali  forms 
around  the  cathode,  and  is  replaced  from  time  to  time  by 
pure  water.  Chromic  acid  forms  in  the  outer  vessel,  and 
may  be  crystallized  out  of  the  solution.  The  caustic  alkali 
solution  may  be  utilized  to  act  on  chromium  minerals  to 
produce  the  chromate.  This  principle  may  evidently  be 
adapted  to  the  treatment  of  other  acids  combined  with  alka- 
line bases,  or,  in  general,  for  extracting  pure  acids  from 
binary  compounds. 

Phosphorus. — Readman  and  Parker's:}:  electric  process  is 
used  by  the  Electric  Construction  Corporation,  at  Wednes- 
field,  England.  A  mixture  of  calcium  acid  phosphate  and 
carbon  is  heated  to  whiteness  in  an  electric  furnace,  between 

*  Journal  of  the  Society  of  Chemical  Industry,  September  29,  1894. 
t  English  Patent,  No.  22,819  (December  12,  1892). 
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carbon  electrodes,  and  the  phosphorus  distilling  olT  is 
caught  in  a  condenser.  In  the  plant  now  working,  an  alter- 
nating current  of  400  kilowatts  is  used.  The  intense  heat 
makes  the  reduction  much  more  complete  than  in  ordinary 
retorts,  the  slag  remaining  containing  only  a  small  amount 
of  phosphorus  as  silico-phosphide  of  iron,  the  lime  having 
formed  calcium  silicate,  aluminate  and  carbide.  Albright 
and  Wilson  are  said  to  have  secured  possession  of  the  pat- 
ents, and  will  work  the  process. 

Carborundum. — This  is  the  name  of  a  recent  product  of 
the  electric  furnace,  a  silicon  carbide,  having  the  compo- 
sition CSi.  Mr.  E.  G.  Acheson^  first  made  it  by  heating  fine 
carbon  and  clay  between  carbon  poles  in  an  electric  furnace. 
Thinking  that  it  was  a  compound  of  alumina  and  carbon, 
he  named  it  accordingly,  in  allusion  to  its  presumed  resem- 
blance to  a  combination  of  carbon  and  corundum.  It  is  a 
green,  crystalline  compound,  and  so  extremely  hard  that  it 
has  found  wide  practical  application  as  an  abrasive  material. 
Made  up  into  wheels  it  is  found  to  have  better  wearing 
qualities  than  emery,  and  the  fine  dust  can  be  used  for  pol- 
ishing precious  stones  and  even  the  diamond.  The  Carbo- 
rundum Company,  of  Monongahela  City,  Pa.,  produced,  in 
1893,  15,000  pounds  of  this  material,  which  sold  at  $4  per 
pound.  During  1894,  a  German  works  was  started  at 
Iserlohn. 

The  method  of  manufacture  is  briefly  as  follows.  A 
mixture  is  made  in  the  proportions — 

Paris. 

Sand 182 

Coke 146 

Salt 72 

This  will  produce  100  parts  of  carborundum. 

Two  hundred  pounds  of  the  mixture  are  placed  in  a  fire- 
brick-lined cavity,  6  feet  long,  18  inches  wide  and  12  inches 
deep.  Four  carbon  electrodes  at  each  end  supply  the  cur- 
rent, and  a  core  of  carbon  dust  starts  the  arc  from  one  end 
to  the  other.  The  current  from  a  100  horse-power  dynamo 
is  sent  through  for  eight  hours,  three  charges  being  run  per 

*  Journal  of  the  Franklin  Institute,  136,  194. 
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day.  The  silicon  carbide  found  between  the  electrodes  is 
treated  seven  days  with  dilute  sulphuric  acid  to  remove 
iron,  and  is  then  ready  for  sorting  and  working  into  wheels, 
etc.  The  company  enlarged  its  works  in  1894,  and  is  doing 
a  flourishing  business,  the  product  having  gained  the  repu- 
tation of  being  the  best  abrasive  known. 

Calcium  Carbide. — This  is  another  recent  product  of  the 
electric  furnace.  T.  M.  Willson,-^-  of  Spray,  N.  C,  in  the 
course  of  experiments  to  produce  alloys  of  calcium  and  alu- 
minium, succeeded  in  forming  a  black,  brittle,  fusible  sub- 
stance, which  chemical  analysis  showed  to  be  calcium 
carbide  (CaCs).     From  a  mixture  of 

Pounds. 

Burnt  lime 2,000 

Fine  coal  dust 1,200 

and  with  the  use  of  180  electric  horse-power  for  twelve 
hours,  Mr.  Willson  claims  to  be  able  to  produce  2,000  pounds 
of  calcium  carbide,  at  a  cost  approximating  $20.  This  sub- 
stance promises  to  be  of  great  industrial  value  from  the 
curious  reaction  it  gives  with  water : 

CaC^  +  2H,0  =:  CoHo  -I-  Ca(OH),. 

In  other  words,  it  is  converted  into  calcium  hydrate, 
giving  off  acetylene  gas  in  the  proportion  of  100  parts  of 
gas  to  247  of  calcium  carbide,  which  would  mean,  approxi- 
mately, 10,000  cubic  feet  of  gas  per  ton  of  carbide.  This 
gas  has  the  highest  illuminating  power  of  any  known 
hydrocarbon,  and,  when  mixed  with  half  its  volume  of  air, 
can  be  burned  without  smoking,  giving  a  flame  five  or  six 
times  as  brilliant  as  ordinary  illuminating  gas.  It  has  been 
claimed  that  this  gas,  equal  in  illuminating  power  to  coal 
gas  of  25  candle-power  per  five-foot  burner,  can  be  made  at  a 
cost  of  30  cents  per  1,000  cubic  feet.f  Other  and  even  more 
important  uses  for  this  gas  may  be  found  in  the  field  of  tech- 
nical chemistry.  For  example :  by  passing  electric  sparks 
through  a  mixture  of  acetylene  and  nitrogen,  hydrocyanic 

*  Engineering  and  Mining  Journal,  December  15,  1894;  this  Journal 
139.,  321. 

t  Mr.  Willsou's  present  claims  are  much  more  radical  even  than  this. — 
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acid  is  formed,  from  which  cyanides  can  be  made.  Hy 
heating  in  a  sealed  tube,  it  passes  into  benzene.  By  an 
indirect  process  it  can  be  made  to  yield  alcohol.  The  diffi- 
culties which  the  projectors  are  now  seeking  to  overcome 
are :  the  danger  of  explosion  of  the  gas  mixed  with  air,  and 
the  decomposition  of  the  carbide  by  the  action  of  the 
atmospheric  moisture. 

Cleaning  Metallic  Surfaces. — The  operation  of  pickling 
has  been  improved  by  the  use  of  electrolysis.  The  articles 
are  immersed  in  dilute  sulphuric  acid  opposite  to  a  negative 
pole  of  carbon  or  wire-gauze,  electro-plated  with  silver  and 
preferably  covered  with  platinum  black.  On  connecting 
electrically  the  articles  with  these  poles,  by  a  wire  outside 
the  bath,  gas  is  disengaged  at  the  silvered  surfaces,  while 
the  articles  are  rapidly  and  uniformly  corroded.  If  a  little 
nitric  or  chromic  acid  be  added  to  the  bath  as  a  depolariser, 
no  offensive  odor'^j  are  given  off.  Another  method  is  to  use 
as  a  bath,  a  salt  of  the  metal  to  be  pickled,  and  an  external 
electric  current.  The  articles  to  be  pickled  being  used  as 
anodes,  they  are  rapidly  corroded,  the  metal  being  deposited 
on  suitable  cathodes,  while  the  bath  remains  constant. 
This  method  has  the  great  advantage  of  dispensing  with 
the  use  of  fresh  acid,  and  will  doubtless  come  into  extensive 
use. 

THE    METALS. 

Ahiminium. — No  very  recent  improvements  have  been 
made  in  the  electrical  processes  for  extracting  this  new  metal. 
It  is  now  made  exclusively  by  the  electrolysis  of  alumina 
dissolved  in  a  bath  of  the  fused  fluorides  of  aluminium  and 
sodium,  the  dissolved  alumina  being  decomposed  while  the 
solvent  salts  are  unaffected  by  the  current.  The  principal 
works  are  those  at  the  Rhine  Falls,  in  Switzerland,  using 
4,000  horse-power,  and  making  three  tons  daily  by  Heroult's 
process ;  and  the  Pittsburgh  Reduction  Company,  making 
one  ton  daily  by  Hall's  process.  The  latter  company  will 
presently  start  a  new  and  much  larger  plant  at  Niagara 
Falls,  beginning  with  a  daily  output  of  two  tons,  which 
within  a  year  may  be  increased  to  four  tons.  The  total 
output  of  aluminium  in  the  world,  in  1894,  was  1,020  metric 
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tons  ;  the  prCvSent  selling  price  is  thirty-five  cents  per  pound 
in  Europe  and  fifty  cents  in  the  United  States.  The  Swiss 
works  intend  extending  to  15,000  horse-power  within  the 
next  five  years,  when  the  European  price  will  probably  fall  to 
twenty-five  cents  per  pound.  The  wonderful  development 
of  the  electro-metallurgy  of  aluminium  is  one  of  the  most 
striking  achievements  of  modern  electro-chemical  science. 

In  the  utilization  of  this  metal,  Mr.  J.  D.  Darling,  of  Phila- 
delphia, has  gained  celebrity  by  electro-plating  100,000 
square  feet  of  ornamental  iron  work  on  the  tower  of  the 
new  Public  Buildings  of  that  city.  The  question  as  to 
whether  aluminium,  could  be  electro-plated  on  another 
metal  at  all  was  a  doubtful  one  until  Mr  Darling  began 
work  on  this  tour  de  force.  The  chemical  composition  of 
the  bath  used  is  kept  as  a  trade  secret.  The  columns, 
etc.,  to  be  plated  are  first  coated  heavily  with  copper,  in 
the  ordinary  way,  and  then  coated  over  with  aluminium 
one-sixteenth  of  an  inch  thick.  This  last  operation  takes 
seventy-two  hours,  the  current  used  averaging  ten  amperes 
per  square  foot  of  anode  surface,  and  seventeen  amperes  at 
the  depositing  surface,  an  electro-motive  force  of  eight  to 
ten  volts  being  used  to  each  bath.  Specimens  of  the  work 
which  I  have  seen  are  very  well  done,  and  reflect  great 
credit  on  the  skill  of  this  Philadelphia  electro-metallurgist. 

Antimony  and  Arsenic. — Electrolytic  processes  for  reducing 
these  metals  from  their  ores  have  been  devised,  but  I  can- 
not say  whether  they  are  in  practical  operation.  Siemens 
and  Halske*  treat  the  natural  sulphides  of  these  metals  with 
solutions  of  alkaline  sulphide,  in  which  they  are  soluble, 
forming  alkaline  double  sulphides.  The  solution  is  then 
electrolysed,  separating  out  the  arsenic  or  antimony  and 
leaving  an  alkaline  sulph-hydrate  in  solution.  The  reac- 
tions would  be 

(Solution)  Sb.Ss  +  6NaHS  =  Sb.SsSNasS  +  3H2S. 
(Decomposition)  Sb2S33NaoS  +  3H2O  ==  Sb,  -f  6NaHS  +  3O. 
Diaphragms  separate  the  vat  into  anode   and  cathode 
cells,  the  positive  poles  being  of  carbon  or  platinum. 

*  German  Patent,  No.  67,973. 
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C/irotiiiiim. — Pure,  metallic  chromium  is  now  obtainable  in 
large  quantities.  It  is  made  by  the  electrolytic  process  of 
Placet  and  Bonnet.*  To  a  dilute  solution  of  a  chromium 
salt  are  added  the  sulphates  or  chlorides  of  the  alkalies  or 
alkaline-earths;  also,  certain  organic  substances,  such  as 
gum  arabic  or  dextrin.  The  solution  is  one- fifth  saturated 
with  the  chromium  salt  and  four  fifths  with  the  other  sub- 
stances. The  solution  is  warmed ;  a  cathode  much  smaller 
than  the  anode  is  used  to  give  great  current  density  at  the 
depositing  surface  without  requiring  excessive  power,  and 
a  current  at  thirty  to  forty  volts  is  used  for  decomposition. 
To  make  chromium  alloys,  the  salt  of  the  alloying  metal  is 
added  to  the  solution  in  about  equal  quantity  to  the  chro- 
mium salt.  With  a  low  voltage,  only  the  alloying  metal  (as 
iron)  separates ;  with  higher  voltages  increasing  amounts  of 
chromium  are  deposited  with  the  other  metal,  so  that  any 
desired  proportions  can  be  obtained.  Or,  the  alloying  metal 
may  be  first  deposited  alone  by  using  a  low  voltage,  then 
the  desired  quantity  of  chromium  by  a  higher  voltage,  and 
the  whole  plate  melted  down  to  form  the  alloy. 

Manganese,  Tungsten^  Chromium. — Moissant  has  found  the 
oxides  of  all  these  metals  easily  reducible  in  the  electric  fur- 
nace. A  current  of  300  amperes  at  60  volts,  passed  for  six 
minutes  through  a  mixture  of  manganese  oxide  and  carbon, 
gave  100  to  120  grams  of  manganese,  containing  from  6 
to  14  per  cent,  of  carbon,  according  to  the  excess  of  carbon 
present.  The  same  current,  passed  for  ten  minutes  through 
a  mixture  of  chromium  oxide  and  carbon,  gave  100  to  no 
grams  of  chromium  containing  from  8'6  to  11  "9  percent, 
of  carbon.  By  mixing  this  chromium  carbide  with  fresh 
chromium  oxide  and  heating  it  again  in  the  furnace,  the 
carbon  was  eliminated  and  pure  chromium  was  obtained. 
Tungstic  acid  in  the  same  manner  gives  tungstic  carbide, 
with  17  to  19  per  cent,  of  carbon,  which  can  also  be  reduced 
to  pure  tungsten  by  heating  with  more  tungstic  oxide. 

Copper. — The  electrolytic  refining  of  copper  is  now  car- 
ried on  commercially  on  an  immense  scale.     There  are  two 

*  The  Mineral  Industry,  1893,  560. 
t  Comptes  rendus,  116,  349,  1225. 
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single  plants  in  the  United  States,  at  Baltimore,  Md.,  and 
Butte,  Montana,  which  have  a  daily  capacity  of  fifty  tons 
each.  In  1894,  over  50,000  tons  of  copper  were  refined  in 
the  United  States,  and  the  time  is  probably  not  far  distant 
when  the  whole  copper  production  will  be  electrolytically 
refined.  The  cost  of  refining  at  the  new  Anaconda  plant,  at 
Butte,  Montana,  under  the  direction  of  Mr.  Thofehrn,  is  said 
to  be  only  0*6  cents  per  pound.  An  innovation  in  the  prac- 
tice of  these  works  is  the  removal  of  ferrous  sulphate  from 
the  solution  by  warming  it  and  blowing  air  through,  when 
the  iron  precipitates  as  basic  sulphate.  It  is  stated  that 
Lake  Superior  copper  is  not  of  as  good  quality  as  formerly, 
because  of  poorer  ores  and  closer  working,  and  that  the 
Calumet  and  Hecla  Company  contemplates  changing  its 
smelting  plant  at  Buffalo  into  an  electrolytic  plant  located 
at  Niagara  Falls,  where  power  can  be  rented  at  $7  to  $10 
per  horse-power  per  year.  The  copper  thus  refined  will 
command  a  higher  price,  and,  at  the  same  time,  the  silver 
contained  in  it  can  be  extracted. 

Gold. — Miinster*  claims  that  he  has  found  in  the  sea 
water  of  Christiania  Fjord,  twenty  milligrams  of  silver 
and  six  milligrams  of  gold  to  every  100  cubic  meters  of 
water.  He  proposes  to  extract  these  by  immersing  galvan- 
ised iron  electrodes  in  the  channel,  and  passing  through 
them  an  electric  current  of  feeble  tension. 

In  the  cyanide  process  of  treating  gold  ores,  the  gold  is 
dissolved  in  a  solution  of  potassium  cyanide.  To  extract  it 
from  this  solution,  an  electrolytic  process  has  been  found 
advantageous.  The  electrodes  must  have  a  large  surface  ; 
lead  is  used  for  the  cathodes  and  iron  for  anodes ;  carbon 
anodes  disintegrate  too  quickly.  To  precipitate  the  metal 
from  100  tons  of  cyanide  solution  carrying  five  dwts.  of  gold 
per  ton  in  twenty-four  hours,  requires  10,000  square  feet  of 
cathode  surface,  and  a  current  of  600  amperes  at  four  volts 
tension.  The  iron  plates  form  Prussian  blue,  but  they  last 
a  long  time.  The  anodes  are  placed  vertically,  and  are 
covered  with  canvas  to  keep  the  Prussian  blue  out  of  the 

^Engineering  and  Mining  Journal,  53,  570. 


May,  1895.]  Electro-Chemistry.  375 

liquid.  The  lead  sheets  stand  between,  with  1*5  inch  space 
between  the  electrodes.  The  electrolysing  boxes  are  cov- 
ered and  kept  locked,  being-  opened  once  a  month,  when  the 
lead  plates  are  lifted  out  and  melted  down.  They  carry  two 
to  twelve  per  cent,  of  gold,  and  are  cupelled.  The  expenses 
are  three  shillings  per  ton  of  liquor  treated,  and  on  a  large 
scale  it  can  be  reduced  to  2*5  shillings  ;  whereas,  the  ordinary 
method  of  precipitating  by  zinc  costs  four  shillings.* 

Parting  Gold  and  Silver. — The  Moebiusf  electrolytic  pro- 
cess is  used  by  the  Pennsylvania  Lead  Company,  near  Pitts- 
burgh, and  by  the  St.  Louis  Smelting  Company.  The  alloy 
of  gold  and  silver  is  cast  into  anodes,  and  used  in  a  ten  per 
cent,  solution  of  nitric  acid.  A  current  of  1*4  volts  per  cell 
is  used,  and  a  current  density  of  twenty-six  amperes  per 
square  foot.  The  plant  at  Pittsburgh  consists  of  forty-two 
cells,  run  by  a  current  of  180  amperes  by  sixty  volts,  there 
being  seven  square  feet  of  anode  surface  in  each  cell.  The 
output  is  20,000  ounces  of  silver  per  day.  The  anodes  con- 
tain 987  parts  silver,  6*3  parts  gold,  67  parts  copper.  The 
deposited  silver  contains  a  little  copper.  The  slimes  are 
melted  down  with  silica  and  borax  to  an  alloy  averaging 
650  parts  of  silver,  and  300  parts  of  gold,  the  remainder 
being  lead  and  copper.  This  rich  alloy  is  melted  with  more 
pure  silver  and  parted  with  nitric  acid.  It  is  said  that  this 
process  is  cheaper  than  the  ordinary  parting  process,  but 
one  would  hardly  judge  so  from  the  description  given. 

Lithium. — Guntzjmixes  anhydrous  lithium  chloride  with 
an  equal  weight  of  potassium  chloride,  the  mixture  melting 
at  450°  C,  and  electrolyses  it  with  carbon  anodes  8  milli- 
meters in  diameter,  and  iron  cathodes  3  to  4  millimeters  in 
diameter,  enclosed  in  a  glass  tube,  20  millimeters  inside 
diameter.  By  keeping  the  temperature  low  and  using  a 
current  of  10  volts  and  20  amperes,  the  lithium  is  separated 
and  collects  in  the  glass  tube.  It  contains  i  to  2  per  cent. 
of  potassium,  but  is  pure  enough  for  most  purposes  for 
which  it  may  be  used. 

*  Elektrochemische  Zeitschrift,  March,  1895. 

■\Jour7ialof  the  American  Chemical  Society^  January,  1894. 

X  Comptes  Rendus,  1893,  732. 
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Magnesium. — This  metal  is  now  made  only  by  electrolysis, 
the  sodium  method  having-  been  entirely  displaced.  The 
principal  works  are  those  of  the  Aluminium  und  Magnesium 
Fabrik,  at  Hemelingen,  near  Bremen.  The  process  consists 
in  the  electrolysis  of  the  fused  double  chloride  of  potassium 
and  magnesium,  reducing  gases  being  introduced  under  the 
cover  of  the  vessel  to  prevent  the  magnesium  from  firing. 
Recently,  an  alloy,  called  Magncsiiim-Zinc,  has  been  intro- 
duced into  commerce  as  a  substitute  for  pure  magnesium. 
It  is  an  alloy  of  about  62  per  cent,  magnesium,  26  per  cent, 
zinc,  and  12  per  cent,  of  iron.  It  is  very  brittle,  can  easily 
be  reduced  to  powder,  and  is  said  to  answer  quite  as  well  as 
pure  magnesium  in  pyrotechny  and  photography,  while  it 
costs  much  less.  The  method  of  manufacture  is  to  electro- 
lyse the  above-named  fused  salt  in  a  crucible  with  molten 
zinc  at  the  bottom  for  a  cathode.  In  this  way  an  alloy  of 
magnesium  with  30  per  cent,  of  zinc  is  obtained.  Some 
ferrous  chloride  is  then  stirred  into  the  bath,  which  is  at 
once  reduced  by  the  alloy,  and  the  iron  thus  introduced. 

Sodium, — Metallic  sodium  is  now  made  only  by  electroly- 
sis, and  principally  by  Castner's  process.*  His  works  at 
Oldbury,  England,  use  1,000  horse-power,  and  have  an  out- 
put of  from  five  to  six  tons  weekly.  A  similar  plant  has 
recently  been  erected  near  Frankfort,  Germany.  The  so- 
dium produced  is  used  either  to  make  sodium  peroxide  for 
bleaching  purposes,  or  in  the  manufacture  of  organic  salts 
and  dyes.  The  making  of  antipyrine  by  Dr.  Knorr's  pat- 
ented process  involves  the  use  of  sodium. 

The  process  consists  in  the  electrolysis  of  fused  caustic 
soda,  kept  at  a  constant  temperature  of  313°  C,  in  specially 
constructed  cells,  each  cell  taking  1,000  amperes  of  current 
and  an  electromotive  force  of  only  4  to  4*5  volts.  The 
efficiency  is  about  80  per  cent.  By  keeping  the  temperature 
not  more  than  30°  above  the  melting  point  of  the  soda,  the 
electrical  resistance  is  low,  the  operation  proceeds  uniformly 
and  the  sodium  runs  off  from  the  top  of  the  bath  in  a  melted 
state.    This  last  point  is  of  especial  advantage,  as  the  distil- 


"^  Scientific  American  Suppleme?it,^\x\y  7,  1894,  15,435- 
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lation  and  condensation  of  the  sodium,  with  all  their  attend- 
ant losses  and  dangers,  are  entirely  avoided. 

J.  D.  Darling  and  H.C.  Forrest,  of  Philadelphia,  propose* 
to  electrolyse  sodium  nitrate  in  a  similar  manner  at  a  gentle 
heat,  obtaining  the  sodium  melted,  and,  at  the  same  time, 
passing  the  vapors  produced  at  the  anodes  through  water 
in  Wolff  bottles,  and  producing  nitric  acid.  I  have  not  yet 
learned  whether  this  process  is  being  practiced  commercially. 

Zinc. — Cassel  and  Kjellin,  of  Stockholmf,  propose  the  fol- 
lowing process  of  extracting  zinc  from  its  sulphide  ores. 
The  ore  is  roasted  as  far  as  possible  to  soluble  zinc  sul- 
phate, which  is  leached  out.  The  electrolysing  vessel  has  a 
porous  partition  ;  around  an  iron  anode  is  placed  a  solution 
of  sulphate  of  iron,  while  the  zinc  sulphate  solution  sur- 
rounds the  cathode.  On  passing  the  current,  zinc  is  de- 
posited from  the  latter  solution,  while  its  equivalent  quan- 
tity of  acid  is  separated  at  the  iron  anode  and  dissolves  it 
to  sulphate.  The  electromotive  force  of  decomposition, 
under  these  circumstances,  is  the  difference  between  that 
required  to  decompose  zinc  sulphate  and  that  of  the  iron 
sulphate,  or  about  one-third  of  a  volt,  thus  allowing  the  sep- 
aration of  zinc  without  decomposing  the  water  of  the  solu- 
tion. The  process  is  very  pretty  in  theory,  but  the  porous 
partitions  will  be  likely  to  give  trouble  in  practical  working, 
and  the  question  of  the  cost  of  the  iron  used  and  the  market 
for  the  copperas  produced  form  large  factors  in  deciding  the 
economy  of  the  process. 

Heinzerling  proposes  to  roast  zinc  ores  completely  to 
oxide,  and  dissolve  this  out  by  a  concentrated  solution  of 
magnesium  chloride.  This  solution  is  then  electrolysed,  the 
zinc  separated  out,  and  the  magnesium  chloride  solution 
used  over  again.  Solution  of  the  zinc  oxide  is  effected  hot, 
under  two  or  three  atmospheres  pressure.  A  current  of  200 
amperes  per  square  meter  is  used  for  electrolysis,  while  the 
solution  is  kept  as  cold  as  possible. 

Galvanising  sheet  iron  by  electricity  has  again  been 
tried,  this  time  at  the  works  of  Watson,  Laidlaw  &  Co.,Glas- 

*  English  Patent,  No.  5,808  (March  20,  1894). 
t  German  Patent,  No.  67,303  (1893). 
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gow,  Scotland.  The  depositing  bath  contains  zinc  oxide 
dissolved  in  caustic  potash,  kept  warm,  and  the  sheets  are 
kept  in  motion.  The  metal  is  deposited  for  five  to  twenty 
minutes,  at  the  rate  of  34  to  134  grams  per  square  meter 
per  minute. 

Your  lecturer  has  conducted  an  extensive  series  of  exper- 
iments in  refining  impure  zinc  by  electrolysis.  By  using 
a  current  density  of  100  amperes  per  square  meter,  at  i'3 
volts  tension  per  bath,  and  keeping  the  solution  agitated  by 
mechanical  means,  thick  deposits  of  zinc  of  exceptional 
purity  can  thus  be  obtained.  The  accumulation  of  iron  in 
the  solution  is  prevented  by  blowing  air  through  it  continu- 
ally, which  oxidizes  and  precipitates  the  iron  as  basic  sul- 
phate, that  can  be  separated  by  filtration.  There  is  con- 
siderable loss  in  melting  down  the  zinc  sheets  to  ingot  shape; 
but,  notwithstanding  this,  the  process  could  be  operated 
commercially  but  for  the  very  low  price  which  zinc  has 
reached  within  the  last  few  years,  the  margin  for  profit 
being  less  than  in  refining  copper,  while  the  expenses  are 
greater. 

ELECTRICITY  DIRECTLY  from  COAL."^ 


By  Ai^fred  H.  Bucherer. 


The  endeavors  of  scientists  and  inventors  to  convert 
directly  the  potential  energy  of  coal  into  electrical  energy 
have  received  a  fresh  incentive  from  the  interesting  experi- 
ments of  Dr.  Borcliers.  So  alluring  are  the  rewards  that 
follow  the  solution  of  this  problem  that  men  known  for  their 
conservative  attitude  in  similar  questions  have  hailed  with 
extravagant  expressions  of  delight  the  seeming  results  of 
the  German  electro-metallurgist.  It  is  true  the  latter 
deserves  high  credit  for  testing  his  ingenious  idea ;  yet  from 
his  own  account  of  the  facts  brought  out  in  his  experiments, 
I  feel  sure  that  as  yet  his  endeavors  have  been  fruitless. 
Such  failure,  it   is  only  just  to  note,  could  not  have  been 

*  To  be  read  at  the  stated  meeting  of  the  Electrical  Section,  March  26,  1895. 
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foreseen  from  the  standpoint  of  our  present  knowledj^^e  of 
electro-chemistry.  In  the  extensive  discussion  of  Dr.  Bor- 
chers'  work,  which  appeared  in  various  technical  and  scien- 
tific journals,  one  point  has  been  altogether  ignored,  and 
this  point  is  of  such  essential  importance  in  the  problem  of 
the  conversion  of  the  potential  energy  of  coal  into  electric 
energy  that  it  deserves  to  be  fully  elucidated.  This  point 
is  the  relation  of  chemical  to  electrical  energy.  Dr.  Bor- 
chers  erroneously  supposed  that  it  would  be  possible  to 
obtain  an  amount  of  electrical  energy  from  the  reaction 
2CO  -f  O2  =  2CO2  that  would  be,  equal  to  the  heat  of  forma- 
tion of  as  much  of  the  quantity  of  the  reacting  substances  as 
take  part  in  the  transformation.  Since  v.  Helmholtz  has 
shown  that  such  a  view  does  conflict  with  facts,  it  is  no  longer 
legitimate  to  assume  its  correctness,  still  less  to  base  upon 
it  efficient  calculations,  as  was  done  by  Dr.  Borchers  and 
Ostwald  (see  ZcitscJirift  f.  PJiys,  Chevi.,  1894,  p.  521). 

The  maximum  amount  of  work  which  we  can  derive 
from  a  chemical  reaction  is  a  definite  quantity,  and  is  inde- 
pendent of  the  kind  of  energy  into  which  it  is  transformed. 
Suppose  we  have  an  unpolarizable  cell  and  make  the  exter- 
nal resistance  extremely  large  as  compared  with  the  internal 
resistance  ;  then,  if  the  quantity  ;//  of  electricity  has  passed 
through  the  circuit,  a  proportional  amount  of  chemical 
action  has  occurred,  and  the  heat  developed  in  the  external 
circuit  is  equal  to  the  electrical  energy  obtained.  On  exam- 
ination we  will  find  now  that  although  the  internal  resist- 
ance was  vanishingly  small  compared  with  the  external 
resistance,  yet  heat  has  been  evolved  or  absorbed  in  the 
interior  of  the  cell,  and  it  follows  from  the  law  of  the  con- 
servation of  energy  that  the  heat  of  reaction  Q  is  equal  to 
the  electrical  energy  E,  minus  the  heat  q  absorbed  in  the 
cell. 

E-q=Q 

(I)  E^Q-^q 

q  can  have  a  positive  value  or  a  negative  value,  according 
to  whether  heat  was  absorbed  or  evolved  in  the  cell.  If  we 
consider  one  electro-chemical   equivalent   involved   in    the 
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transformation  and  measure  Q  and  q  in  electrical  units, 
then  E  =z  Q  -^  q  where  E  measures  the  E.M.F.  in  volts.  V. 
Helmholtz  investigated  the  relation  which  q  has  to  E  by 
appl3dng  the  second  law  of  thermodynamics.  The  follow- 
ing reasoning  is  similar:  We  know  that  the  mechanical 
energy  of  a  perfect  engine  working  between  the  tempera- 
ture limits  T  ^  d  Tand  Tis 

(2)  ^  -  ^  TT 

Now,  since  the  second  law  of  thermodynamics  holds  for 
the  transformation  of  heat-energy  into  any  other  form  of 
energy,  it  must  be  true  for  the  transformations  occurring  in 
a  galvanic  cell.  Now,  as  mentioned  above,  the  E.M.F.  of  a 
cell  measures  the  energy,  if  we  consider  the  amount  of 
transformation  effected  by  one  electro-chemical  equivalent, 
/.  e.,  the  work  done  by  the  passage  of  one  coulomb.  We 
can,  therefore,  substitute  d  E  for  d  IV  a.nd  we  have  by  sub- 
stituting <^^  in  (2) 


(3) 

and,  therefore, 

(4) 

d  E 

d  E 
d  T 


d  T 

is  the  temperature  coefficient,  and  it  follows  that  if  the 
E.M.F.  of  a  cell  increases  with  temperature 

j^  d  E 

is  positive,  and  the  E.M.F.  is  larger  than  the  value  calcu- 
lated from  the  heat  of  transformation,  and  heat  is  absorbed 
in  the  cell ;  whereas,  if  the  E.M.F.  decreases  with  tem- 
perature, the  E.M.F.  is  smaller  than  the  value  Q  expressed 
in  electrical  units.  Heat  is  evolved  in  the  interior  of  the 
cell.     Now,   in  some  primary  cells  the  temperature  coeffi- 
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cient  is  so  small  that  it  can  be  practically  neglected  ;  in 
others,  it  is  so  great  that  the  E.M.F.  as  calculated  from  the 
heat  of  formation  will  give  a  decidedly  wrong  value.  With 
a  reaction  that  is  so  different  from  those  utilized  in  ordinary 
cells,  and  concerning  which  we  know  so  little  as  the  one 
utilized  by  Dr.  Borchers,  it  is  not  legitimate  to  form  any 
conclusions  as  to  the  E.M.F.  obtainable. 

The  question  now  presents  itself,  what  is  then  the  maxi- 
mum E.M.F.  we  can  expect  to  gain  from  the  combination  of 
carbon  monoxide  with  oxygen?  Is  there  any  reversible 
transformation,  no  matter  into  what  kind  of  energy,  about 
which  we  do  know  something  ?  There  is  such  an  ideal  pro- 
cess, and  I  will  show  the  reasoning  by  which  we  can  arrive 
at  the  desired  value.  The  reasoning  is  based  on  the  princi- 
ple of  the  dynamical  equilibrium  of  chemical  systems, 
which  principle  is  nothing  else  than  a  disguised  form  of  the 
second  law  of  thermodynamics.  When  carbon  monoxide 
combines  with  oxygen,  not  all  of  it  is  thus  oxidized,  and  at 
a  definite  temperature  and  pressure  the  composition  of  the 
resultant  mixture  of  gases,  consisting  of  CO2,  CO  and  O2,  is 
definite.  Deville  found  experimentally  that  at  a  tempera- 
ture of  3,000°  Celsius  forty  per  cent,  of  the  carbonic  acid  is 
dissociated  at  atmospheric  pressure.  1  have  calculated  from 
this  fact  that  at  a  temperature  of  0°  Celsius  and  atmos- 
pheric pressure,  the  fraction  of  dissociated  CO2  is 

1-58 


10^ 


If  we  conduct  the  process  of  combination  of  CO  and  O 
in  such  a  manner  that  the  maximum  amount  is  being 
obtained,  and  take  care  that  the  temperature  does  not 
change,  then  this  work  depends  on  the  initial  and  final  con- 
dition of  the  gases.  Now,  let  us  suppose  2  gram  molecules 
of  carbon  monoxide,  /.  e.,  56  grams  at  atmospheric  pressure, 
react  on  i  gram  molecule,  /.  e.,  32  grams  of  oxygen,  also  at 
atmospheric  pressure,  in  a  reversible  manner,  and  that  the 
carbonic  acid  formed  is  likewise  brought  to  atmospheric 
pressure.  Then,  evidently,  since,  as  we  have  seen  the  disso- 
ciation of  the  carbonic  acid  is  extremely  small,  the  partial 
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pressure  of  the  carbon  monoxide  in  the  product  of  the  reac- 
tion must  also  be  very  small,  and  the  carbon  monoxide, 
while  performing  work,  has  been  brought  from  the  atmos- 
pheric pressure  to  an  exceedingly  small  pressure.  Now,  if 
the  partial  pressure  of  the  CO  be  p^  then  the  work  done  is 

W  =2  RT  log.^  JL, 

where  R  is  the  gas  constant  referring  to  i  gram  molecule 
of  gas  and  is  equal  to  1*98  calories.  The  oxygen  is  simi- 
larly brought  from  the  atmospheric  pressure  to  a  partial 
pressure,  which  is  one-half  of  the  partial  pressure  of  the 
carbonic  oxide  ;  for  the  gases  being  present  in  the  ratios  in 
which  they  react  on  each  other,  two  volumes  of  CO  are 
present  to  one  molecule  of  oxygen,  and  the  pressure  of  the 
carbonic  oxide  is  twice  that  of  the  oxygen.  Hence,  the 
work  performed  by  the  oxygen  is 

RTlog.,1^' 
Pi 

Since  the  carbonic  acid  in  the  reaction  mixture  i.s  practi- 
cally under  atmospheric  pressure,  no  work  appreciably  is 
done  upon  it,  and  the  total  energy  obtained  by  the  reversi- 
ble combination  of  the  two  molecules  of  CO  with  i  gram 
molecule  of  oxygen  is 

W=2RTlog.,l^  -\-  RTlog.,^ 
Pi  Pi 


(5)  W=     RT  log,     ^ 

"'i 


Pi' 


Since  now  the  fraction  of  the  CO2  that  is  dissociated  at  0° 
Celsius  is 

1-58 


J  q34-86 


it  follows  that  the  partial  pressure  p  of  the  CO  is 

'  1-58 


IOX4«6 


atmospheres.     Substituting  this  value  in  equation  (5)  we 
have 

W  ^  RT  log,^  -'^ • 
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This  energy  refers  to  the  chemical  combination  of  2 
gram  molecules,  and  is  expressed  in  calories.  To  obtain  the 
energy  for  the  combination  of  one  electro-chemical  equiva- 
lent, expressed  in  electrical  units,  we  divide  by  4  X  23039, 
and  we  have 

^_i-98_X273;        K)--\^Us. 
4  X  23039  2 

^  =  1*41  volts. 

This  is  the  value  for  0°  Celsius.  The  heat  of  formation  of 
carbonic  acid  is  68000,  and  the  E.M.F.  calculated  from  this 
is  r476.     Therefore,  by  the  equation  of  v.  Helmholtz, 

^    ,  dE 

1-41  =  1-476  H-  273  — ^ 

d  E  o'o66 


d  T  273 

The  E.M.F.  therefore  decreases  by 

0'o66 

273 

volts,  with  every  increase  of  temperature  by  1°.     At  the 

standard  temperature,  18^  Celsius,  the  E.M.F.  is,  therefore, 

^               0'o66 
1-476  —  291 

273 
1*476  —  0-07  =  1-406. 

We  thus  see  that  the  E.M.F.  is  somewhat  smaller  than 
assumed  by  Dr.  Borchers.  The  greatest  E.M.F.  obtained 
by  Dr.  Borchers  was  0*5  volts.  The  conclusion  which  he 
now  draws  from  this  result  is  that  he  has  already  succeeded 
in  obtaining  about  thirty  per  cent,  of  the  energy  of  the  coal, 
whereas,  the  steam  engine  converted  much  less.  This  is 
another  non-admissible  conclusion.  For,  in  an  unpolariz- 
able,  /.  e.,  reversible,  cell,  the  maximum  E.M.F.  is  a  definite 
value,  and  if  another  value  is  experimentally  observed  which 
very  appreciably  differs  from  it,  then,  barring  secondary 
actions,  the  reaction  which  is  expected  to  furnish  the  electric 
energy  does  7wt  occur.  To  say  that  secondary  actions 
depress  the  theoretical  E.M.F.  is  not  logical  in  this  case,  for, 
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evidently,  this  secondary  E.M.F.  would  have  to  be  about 
twice  as  great  as  the  observed  E.M.F.,  and,  therefore,  could 
not  be  called  secondary. 

The  action  that  took  place  in  Dr.  Borchers'  apparatus  is 
most  probably  one  that  can  be  found  among  those  which 
were  investigated  and  published  by  Mr.  Mond  (see  London 
Electrician,  ]dir\.Vi2iXy  nth,  and  Digest  Electrical  JVorld,  'New 
York,  February  2d).  It  would  lead  too  far  to  discuss  in 
detail  the  work  of  Mond,  and  to  single  out  the  particular 
action  to  w];iich  the  E.M.F.  of  the  apparatus  of  Dr.  Borchers 
was  due. 

For  reasons  which  were  well  stated  by  the  latter,  it  is 
more  expedient  and  apparently  easier  to  utilize  the  combi- 
nation of  carbon  monoxide  with  oxygen  for  the  generation 
of  electric  energ}^  instead  of  that  of  carbon  with  oxygen. 
The  work  done  by  Dr.  Borchers,  though  not  crowned  with 
success  as  yet,  is,  nevertheless,  of  high  value  on  account  of 
its  instructiveness.  It  indicates  in  its  general  features  the 
path  that  has  to  be  followed  for  accomplishing  a  most 
important  industrial  task,  the  fulfillment  of  which  we  hope 
this  century  will  yet  witness. 


* 

DYNAMO  AND  MOTOR  DESIGN.^ 


By  Gano  S.  Dunn. 


The   methods  of  rating  electrical  machinery  are  imper- 
fect, and    are  less  definite   than  in  almost  any  other  class. 
This  is  because  the  factors  which  limit  the  load  of  motors 
and  dynamos  are  several,  and  their  relations  are  not  gener 
ally  understood. 

A  machine  has  a  sparking  limit  to  its  load,  as  well  as  a 
heating  limit,  neither  of  which  limits  must  be  exceeded. 
What  the  rating  should  be  will,  therefore,  be  dependent 
upon  the  character  of  the  duty.  We  usually  designate  a 
dynamo,  or  motor,  as  of  a  capacity  of  so  many  kilowatts  or 

*  Abstract  of  lecture  delivered  before  the  Electrical  Section  of  the  Frank- 
lin Institute,  October  23,  1894. 
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horse-power  respectively.  Let  lis  take  a  motor  which,  on 
all-day  work,  could  not  deliver  more  than  ten  horse-power 
without  overheating  ;  and  let  us  assume  that  its  sparking 
limit  would  not  be  reached  until  it  was  loaded  to  thirty 
horse-power,  which  load  it  could  carry  for  periods  of  three 
minutes  out  of  every  ten  throughout  the  day. 

Now,  is  this  a  ten  or  a  thirty  horse-power  motor  ?  It 
depends  upon  the  work.  It  is  a  thirty  horse-power  elevator 
or  railway  motor.  It  is  a  ten  horse-power  motor  for  running 
a  printing  shop  by  shafting. 

These  facts  control  the  design  of  the  machine,  and  it  is 
my  purpose  to  show  how  they  affect  the  various  propor- 
tions. 


FULL  LOAD 
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Fig.  I. 


In  Fig.  I  are  shown  the  efficiency  curves  of  the  two  types 
of  machine.  These  curves  differ  because  of  the  different 
distribution  of  the  losses  in  the  machine.  Curve  A  repre- 
sents the  efficiency  of  the  continuous  running  motor,  and 
B  represents  that  of  the  motor  whose  load  is  intermittent 
and  excessive.  The  motor  A  has  small  fixed  losses,  such  as 
hysteresis,  bearing  and  brush  friction,  field  current,  and  com- 
paratively large  variable  losses,  i.  e.,  those  which  increase 
with  the  load,  such  as  the  loss  due  to  armature  resistance 
and  to  commutation. 

With  motor  B  the  reverse  is  true.  The  losses  in  both 
motors  are  equal  at  C,  but  at  no  other  point  of  the  load. 

Motor  A  is  characterized  by  a  high  light  load  efficiency, 
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while  motor  B  is  not.  On  the  other  hand,  motor  B  never 
runs  at  light  load,  while  motor  A  almost  always  does,  as  has 
been  found  by  actual  statistics.  Readings  taken  on  over 
200  motors  on  commercial  circuits  showed  that  these  did 
not  average  one-third  of  the  rated  capacity  stamped  on 
their  name-plates.  The  high  light  load  efficiency  in  motor 
A  is  of  the  highest  importance,  even  though  it  allows  the 
motor  to  spark  if  much  overloaded ;  while  the  ability  to 
stand  intermittent,  excessive  overload,  is  of  the  highest 
importance  in  motor  B,  even  if  it  is  the  cause  of  a  low  effi- 
ciency at  light  loads,  at  which,  it  must  be  remembered,  the 
motor  almost  never  runs. 

Fixed  losses  are  kept  low  by  having  a  comparatively 
small  amount  of  iron  in  armature,  which  reduces  the  hys- 
teresis, and  winding  with  comparatively  many  turns.  The 
small  amount  of  armature  iron  requires  a  correspondingly 
small  field  circuit  to  energize  it,  and  this,  in  turn,  a  com- 
paratively small  amount  of  copper  and  current  to  create  the 
magnetism. 

The  shaft  and  bearings  may  be  small. 

The  type  of  field  selected  will  have  a  large  influence  on 
one  of  the  losses — field  current.  When  possible,  consequent 
poles  should  be  avoided,  and  particularly  in  small  machines. 
The  same  magnetism  can  be  obtained  in  salient  poles  with 
forty-one  per  cent,  less  current  and  copper.  In  a  compara- 
tively large  machine,  when  the  field  current  is  only  about 
one  per  cent,  of  the  total  input,  reducing  this  forty-one  per 
cent,  does  not  affect  the  efficiency  of  machine  very  much  ; 
but  in  a  small  machine,  when  field  current  is,  say,  ten  per 
cent,  of  input,  reducing  by  the  above  amount  makes  a  large 
difference.  The  figures  of  one  per  cent,  and  ten  per  cent, 
above  assumed  are  the  proportions  at  full  load.  At  one- 
fourth  load  they  would  become  four  per  cent,  and  forty  per 
cent,  respectively,  and  at  this  point  the  advantage  of  salient 
poles  would  be  more  than  ever  felt. 

The  early  Edison  practice,  in  which  the  field  magnets 
were  made  of  many  limbs  in  multiple,  was  a  step  in  exactly 
the  wrong  direction. 

Field  energy  is  to  be  kept  low  by  using  coils  of  circular, 
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instead  of  rectangular,  section.  It  takes  thirteen  per  cent, 
less  copper  and  current  to  energize  magnets  of  circular,  than 
of  square,  section.  It  is  advisable,  in  some  cases,  particu- 
larly in  large  machines,  to  use  the  square  or  rectangular 
coil.  Rectangular  coils  are  great  favorites  in  England,  even 
in  the  smaller  machines.  Elliptical  sections  are  means 
between  the  rectangular  and  circular. 

Another  feature  which  keeps  the  magnetizing  field  cur- 
rent at  a  low  value,  is  the  selection  of  a  type  of  field  which 
has  a  minimum  of  magnetic  leakage.  Such  fields  are  those 
which  have  their  coils  in  greatest  proximity  to  the  armature, 
and  directly  facing,  or  even  surrounding  it,  as  in  the  Eicke- 
meyer  machine.  In  a  machine  with  large  leakage,  we  have 
to  produce  many  more  lines  of  force  than  actually  go 
through  the  armature.  This  requires  larger  magnets  and 
larger  coils  to  energize  them. 

The  material  of  the  magnets  affects  the  efficiency  and  the 
cost,  as  follows:  Cast  iron  fields,  at  two  cents  per  pound, 
would  cost  no  less  than  cast  steel  fields  at  four  cents  per 
pound,  since  twice  as  much  of  the  first  will  have  to  be  used 
to  carry  the  same  magnetism.  The  steel  is  the  better,  how- 
ever, because,  needing  to  be  of  only  one-half  the  cross  sec- 
tion, less  copper  is  required  to  surround  it,  and,  therefore, 
less  current.  Another  advantage  of  steel  over  cast  iron  is 
that,  because  of  its  reduced  cross  section,  it  exposes  less  sur- 
face from  which  leakage  may  take  place. 

The  armature  gives  design  to  every  feature  of  the 
machine.  It  may  be  of  heavy  core  with  light  winding,  or 
vice  versa,  to  meet  the  conditions  of  B  and  A  respectively. 
The  use  of  multipolar  machines  has  brought  out  many 
forms  of  winding.  Two  circuit  windings  are  those  which, 
although  there  be  more  than  two  poles  to  the  machine,  are 
so  applied  that  there  are  but  two  electrical  paths  between 
the  brushes.  This  insures  that,  should  all  the  poles  not  be 
of  equal  strength,  there  will  be  no  local  action  between  the 
circuits  within  the  armature.  A  form  of  winding  coming 
into  more  general  use  is  what  is  known  as  a  double  wind- 
ing. Its  purpose  is  to  give  a  large  number  of  sections  to 
the    commutator  in  places  where  it  is  necessary  to  use  but 
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few  turns  in  the  armature,  to  secure  the  proper  voltage.  As 
machines  increase  in  size,  fewer  turns  are  required  to  pro- 
duce a  given  voltage  until  the  number  becomes  so  small 
that  the  number  of  bars  between  brushes  is  so  small  that 
the  potential  between  the  bars  exceeds  a  safe  limit,  about 
twenty  volts.  We  overcome  this  difficulty  by  the  use  of  a 
double  winding,  shown  in  Fig.  2.  An  armature  is  wound 
with  two  separate  and  distinct  windings,  each  of  the  proper 
number  of  turns  to  give  the  desired  voltage,  and  the  corre- 
sponding number  of  commutator  bars,  too  few  to  be  used 
by  themselves.  When  these  two  windings  are  in  conjunc- 
tion, however,  and  the  bars  of  one  winding  alternate  with 
those  of  the  other,  we  secure,  as  a  result,  the  voltage  desired, 
with  double  the  number  of  sections  to  the  commutator. 
Each   winding   contributes   one-half   the   current,  and  the 
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Fig.  2. 

brushes,   covering  at  least  two  bars,  are   always  in  contact 
with  both  windings. 

The  sparking  of  armatures  is  due  usually  to  the  failure  of 
the  coil,  short-circuited  by  the  brush,  to  properly  reverse  its 
current  to  make  itself  ready  to  take  its  place  in  circuit  with 
the  rest  of  the  coils  after  it  has  left  the  brush.  This  rever- 
sal of  the  current  may  be  caused  by  resistance  in  the  brush, 
or  it  maybe  caused  by  an  E.M.F.  established  in  the  coil  by 
causing  the  moment  of  short  circuit  to  take  place  when  the 
coil  is  under  the  tip  of  one  of  the  pole  pieces,  this  being 
brought  about  by  shifting  the  brushes.  To  design  a  spark- 
less  machine  is  to  take  care  that  the  magnetism  at  the  pole 
tip  is  not  driven  away  by  the  reaction  of  the  armature. 
This  reaction  is  formed  by  several  components,  negative 
ampere  turns  on  the  armature  and   cross-magnetizing  ten- 
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dency,  and  the  knowledge  of  how  to  estimate  these  is  what 
characterizes  the  designing  of  to-day  from  that  of  the  early 
builders. 

As  a  device  (which  I  have  originated)  affecting  the  design 
of  compound-wound  dynamos,  I  would  call  your  attention 
to  the  use  of  a  series  shunt,  whose  resistance  varies  with 
temperature  and  the  load  of  the  machine.  Dynamos  which 
are  over-compounded   are  not  worked  with  full  strength  of 
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Fig.  4. 

magnetism,  because  it  is  necessary  to  have  the  increase  of 
magnetism,  which  does  the  compounding,  proportional  to 
the  load  which  needs  the  compounding,  and,  at  or  near  full 
strength,  the  magnetism  of  iron  is  not  proportional  to  the 
magnetizing  force.  For  this  reason  the  part  of  the  satu- 
ration curve  from  A  to  B,  Fig.  j,  is  used,  instead  of  the  part 
above  B.  This  working  at  low^er  saturation  reduces  the  out- 
put of  the  machine. 
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The  part  of  the  curve  between  B  and  C  maybe  used  by 
employing-  the  device  shown  in  Fig.  ^.  5  is  a  shunt  to  the 
series  coils  of  the  dynamo,  and  it  is  made  of  iron  or  some 
metal  of  high  temperature  coefficient,  and  may  be  thermally 
insulated  by  a  vacuum  or  by  covering  with  tape.  Now,  as 
the  load  comes  on  the  machine,  the  current  in  the  series  coil 
A  does  not  increase  in  proportion  to  it,  but  faster,  because 
the  shunt  5  heats  up  and  throws  a  greater  portion  of  the 
current  into  A. 

This  excess  of  current  in  A  compensates  for  the  dimin- 
ishing permeability  of  the  iron  at  the  part  of  the  curve  on 
which  we  are  working,  and,  as  a  result,  gives  an  increase  of 
magnetism  which  is  proportional  to  the  load  of  the  machine. 


NOTES  AND  COMMENTS  * 


"ARGON,"    THE   NEW  GAS   DISCOVERED   BY  LORD    RAYLEIGH 
AND  PROFESSOR  RAMSAY. 

A  large  audience  assembled  January  31st,  in  the  theatre  of  the  University 
of  London,  to  hear  Professor  Ramsay  read  the  paper  on  "Argon,  a  New  Con- 
stituent of  the  Atmosphere,"  communicated  to  the  Royal  Society  by  Lord 
Rayleigh  and  himself.  The  London  Times  gives  substantially  the  following 
account  of  the  proceedings: 

The  meeting  was  noteworthy  as  being  the  first  devoted  to  the  discussion  of 
a  single  subject  and  thrown  open  to  the  general  public.  In  a  former  paper  it 
had  been  shown  that  nitrogen  obtained  from  chemical  compounds  is  about  one- 
half  per  cent,  lighter  than  atmospheric  nitrogen,  A  great  many  experiments 
were  described  which  had  been  made  upon  nitrogen  obtained  from  various 
sources.  The  details  of  these  experiments  have  no  interest  for  the  general 
public,  but  the  result  is  to  show  that  nitrogen,  from  whatever  chemical  source 
it  may  be  derived,  has  a  constant  density,  differing  from  the  density  of  atmos- 
pheric nitrogen  by  a  constant  quantity.  In  whatever  way  the  atmospheric 
nitrogen  may  be  separated  the  result  is  the  same,  and  it  was  to  solve  the 
interesting  problem  thus  presented  that  Lord  Rayleigh  and  Professor  Ramsay 
embarked  upon  the  laborious  experiments  which  have  led  to  the  discovery 
of  a  hitherto  unrecognised  substance.  As  that  substance  exists  in  great  quan- 
tity in  the  atmosphere,  it  is  decidedly  singular  that  it  has  been  so  long  over- 
looked, and  all  the  more  so  when  we  consider  that  it  was  undoubtedly  iso- 
lated by  Cavendish,  although  neither  he  nor  those  who  have  followed  him 
observed  the  significance  of  the  irreducible  gaseous  residue  from  his  classical 

*  From  the  Secretary's  monthly  reports. 
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experiment.  When  the  discrepancy  in  weights  between  chemical  and  atmos- 
pheric nitrogen  was  first  encountered,  attempts  were  naturally  made  to 
ex[)lain  it  by  contamination  with  known  impurities,  but  finally  it  became 
clear  that  the  difference  could  not  be  accounted  for  by  the  presence  of  any 
known  impurity. 

By  considerations  drawn  from  the  ratio  of  specific  heats,  the  authors  are 
led  to  regard  argon  as  a  monatomic  gas  like  mercury,  and  its  atomic  weight 
is,  therefore,  not  20,  but  40.  The  substance  is  thus  removed  from  among 
electro-negative  bodies  like  fluorine,  where  its  density  would  seem  to  locate 
it,  to  a  place  among  such  metallic  bodies  as  potassium  and  calcium.  This 
gets  rid  of  a  serious  difficulty,  but  involves  the  hardly  less  formidable  one  of 
grouping  it  with  such  apparently  dissimilar  bodies  as  those  just  mentioned. 
In  this  dilemma  the  authors  are  almost  disposed  to  regard  argon  as  a  mix- 
ture of  two  unknown  elements.  However,  balancing  arguments  for  and 
against,  they  seem,  on  the  whole,  to  incline  to  the  belief  that  argon  is  a 
single  element;  but  the  conclusions  which  follow  are,  they  admit,  of  a  some- 
what startling  character.  Many  attempts  have  been  made  to  induce  it  to 
combine,  but  they  have  all  as  yet  proved  abortive.  In  dealing  with  a  sub- 
stance of  so  absolutely  inert  and  exceptional  a  character  speculation  must 
necessarily  proceed  upon  rather  abstract  lines.  So  far  as  we  have  reached 
at  present,  argon  stands  entirely  unrelated  with  any  other  substance  in  nature, 
and  every  theory  of  its  constitution  must  accordingly  be  accepted  with 
extreme  caution.  As  to  its  physical  properties,  we  have  a  little  more  infor- 
mation. Its  solubility  in  water  is  relatively  high,  being  two  and  one-half 
times  as  great  as  that  of  nitrogen.  Its  spectroscopic  examination  has  been 
conducted  by  Mr.  Crookes,  who  contributed  a  supplementary  paper  dealing 
with  that  portion  of  the  subject.  It  has  two  distinct  spectra,  as  has  nitrogen 
itself.  But  while  the  nitrogen  spectra  are  of  different  characters,  one  being 
a  line  and  the  other  a  band  spectrum,  the  two  spectra  of  argon  are  of  the 
same  type.  According  to  Professor  Olszewski,  of  Cracow,  the  critical  point 
of  the  new  gas  is  — 121°  ;  the  critical  pressure,  50-6  atmospheres  ;  the  boiling 
point,  —187°;  the  melting  point,  —1896°,  and  the  density  of  the  liquid,  1-5. 

Professor  Armstrong,  President  of  the  Chemical  Society,  said  that  the 
case  for  the  existence  of  the  new  constituent  was  strong,  though  it  had  net 
been  brought  forward  in  such  logical  order  as  it  might  have  been.  There 
was  a  body  of  evidence  that  there  is  in  the  atmosphere  a  constituent  which 
has  long  been  overlooked.  Nitrogen  was  regarded  as  a  very  inert  form  of 
matter,  and,  apparently,  argon  was  like  it,  only  more  so.  Conceivably  it  was 
diatomic;  the  atoms  might  be  so  firmly  connected  as  to  take  no  notice  of 
anything  but  each  other.  The  spectroscopic  evidence  did  not  justify  the 
conclusion  that  argon  is  a  mixture  of  two  gases — a  point  upon  which  Mr. 
Crookes  evidently  wavered. 

Professor  Rucker,  President  of  the  Physical  Si^ciety,  said  that  beyond  all 
question  a  new  constituent  of  the  atmosphere  had  been  discovered. 

Lord  Rayleigh  observed  that,  though  not  unaccustomed  to  difficult  inves- 
tigations, he  had  never  had  a  harder  task  than  that  which  he  had  carried 
through  with  the  assistance  of  Professor  Ramsay.     He  discussed  shortly  the 
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evidence  which  seemed  lo  him  and  his  colleague  to  lend  high  probability 
to  the  belief  that  the  new  substance  resembles  mercury  in  being  mona- 
tomic.  He  found  it  difficult  to  conceive  how  two  atoms  could  be  so  inti- 
mately combined  as  to  suit  a  diatomic  theory  of  its  constitution,  but  did  not 
deal  with  the  difficulties  involved  in  supposing  it  monatomic. 

Lord  Kelvin  joined  the  Presidents  of  the  Chemical  and  Physical  Socie- 
ties in  congratulating  the  authors  on  the  brilliant  success  of  their  investi- 
gations. 


THE  DISCOVERY  OF  HELIUM. 

In  a  communication  to  the  London  Chemical  Society,  March  27th,  Prof.  W. 
Ramsay  says  :  In  seeking  a  clue  to  compounds  of  argon,  I  was  led  to  repeat  ex- 
perimentsof  Hillebrandon  cleveite,"^  which,  as  is  known,  when  boiled  with  weak 
sulphuric  acid,  gives  off  a  gas  hitherto  supposed  to  be  nitrogen.  This  gas  proved 
to  be  almost  free  from  nitrogen  ;  its  spectrum  in  a  Pflucker's  tube  showed  all  the 
prominent  argon  lines,  and,  in  addition,  a  brilliant  line  close  to,  but  not  coin- 
ciding with,  the  D  lines  of  sodium.  There  are,  moreover,  a  number  of  other 
lines,  of  which  one  in  the  green-blue  is  especially  prominent.  Atmospheric 
argon  shows,  besides,  three  lines  in  the  violet  which  are  not  to  be  seen,  or,  if 
present,  are  excessively  feeble,  in  the  spectrum  of  the  gas  from  cleveite.  This 
suggests  that  atmospheric  argon  contains,  besides  argon,  some  other  gas  which 
has  as  yet  not  been  separated,  and  which  may  possibly  account  for  the  ano- 
malous position  of  argon  in  its  numerical  relations  with  other  elements.  Mr. 
Crookes  has  identified  the  yellow  line  with  that  of  the  solar  element  to  which 
the  name  "helium  "  has  been  given.  Mr.  Crookes  thus  stated  that  he  had 
been  enabled  to  examine  spectroscopically  two  Pflucker  tubes  filled  with  some 
of  the  gas  obtained  from  the  rare  mineral  cleveite.  The  nitrogen  had  been 
removed  by  "  sparking."  On  looking  at  the  spectrum,  by  far  the  most  promi- 
nent line  was  seen  to  be  a  brilliant  yellow  one  apparently  occupying  the  posi- 
tion of  the  sodium  lines.  Examination  with  high  powers  showed,  however, 
that  the  line  remained  rigorously  single  when  the  sodium  lines  would  be 
widely  separated.  On  throwing  sodium  light  into  the  spectroscope  simulta- 
neously with  that  from  the  new  gas,  the  spectrum  of  the  latter  was  seen  to 
consist  almost  entirely  of  a  bright  yellow  line,  a  little  to  the  more  refrangible 
side  of  the  sodium  lines,  and  separated  from  them  by  a  space  a  little  wider 
than  twice  that  separating  the  two  sodium  components  from  each  other. 
It  appeared  as  bright  and  as  sharp  as  Di  and  Do.  Careful  measurements  gave 
its  wave-length  587*45,  the  wave-lengihs  of  the  sodium  lines  being  Z>i  589'5i, 
and  i?2  588"9i .  The  spectrum  of  the  gas  is,  therefore,  that  of  the  hypothetical 
element  helium,  or  D3,  the  wave-length  of  which  is  given  by  Angstrom  as 
587*49,  and  by  Cornu  as  587"46. 


*Cleveite  is  a  variety  of  uraninite.  chiefly  a  uranate  of  uranyle,  lead  and  the  rare  earths. 
It  coTitains  about  thirteen  per  cent,  of  the  rare  earths,  and  about  2*5  per  cent,  of  a  gas  said  to 
be  nitrogen. 
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USEFUL  P^ORMUL^. 

According  to  Le  Genie  Civil,  the  Munck  process  for  the  fnanu/acture  0/ 
artificial  w/ialebone  consists  in  first  treating  a  raw  hide  with  sulphide  of 
sodium  and  then  removing  the  hair  ;  following  this,  the  hide  is  immersed 
for  a  period  of  twenty-four  to  thirty-six  hours  in  a  weak  solution  of  double 
sulphate  of  potassium,  and  is  then  stretched  upon  a  frame  or  table,  in  order 
that  it  may  not  contract  upon  drying.  The  desiccation  is  allowed  to  pro- 
ceed slowly  in  broad  daylight,  and  the  hide  is  then  exposed  to  a  tempera- 
ture of  from  50°  to  60°  ;  the  influence  of  the  light,  combined  with  the  action 
of  the  double  sulphate  of  potassium  absorbed  by  the  skin,  renders  the  gelatin 
insoluble  in  water  and  prevents  putrefaction,  the  moisture,  moreover,  being 
completely  expelled. 

Thus  prepared,  the  skin  is  submitted  to  strong  pressure,  which  gives  to 
it  almost  the  hardness  and  elasticity  which  characterize  the  genuine  whale- 
bone, with  the  advantage  that  before  or  after  the  process  of  desiccation  any 
color  desired  may  be  imparted  to  it  by  means  of  a  dye-bath.  The  material 
can  be  rendered  still  further  resistent  to  moisture  by  simply  coating  it  with 
rubber,  varnish,  lac,  or  other  analogous  substance. 

A  simplified  process  for  silvering  glass  is  thus  described  by  MM.  Auguste 
and  Louis  Lumiere,  in  the  Journal  de  Physique.  Take  100  parts  by  volume  of 
a  ten  per  cent,  solution  of  nitrate  of  silver,  and  add,  drop  by  drop,  a  quantity 
of  ammonia,  just  sufficient  to  dissolve  the  precipitate  formed,  avoiding  any 
excess  of  ammonia.  Make  up  the  volume  of  the  solution  to  ten  times  the 
amount  by  adding  distilled  water.  The  reducing  solution  used  is  the  for- 
maldehyde of  commerce.  The  forty  per  cent,  solution  is  diluted  to  a  one 
per  cent,  solution.  The  glass  to  be  silvered  is  polished  with  chamois  leather, 
and  the  bath  is  made  up  immediately  before  use,  by  mixing  two  parts  by 
volume  of  the  silver  solution  with  one  of  formaldehyde.  The  solution  must 
be  poured  over  the  surface  without  stopping.  After  the  lapse  of  five  or  ten 
minutes,  at  a  temperature  between  15°  and  19*  C,  all  the  silver  in  the  solu- 
tion will  be  found  to  have  been  deposited  on  the  glass  in  a  bright  layer, 
which  is  then  washed  in  running  water.  It  is  then  varnished,  if  the  glass  side 
is  to  be  used ;  or  polished,  if  the  free  surface  is  required  for  reflection.  This 
method  does  not  require  the  scrupulous  care  necessary  with  other  methods, 

Ap?'opos  to  formaldehyde,  the  Scientific  American  reports  an  interesting 
application  of  the  substance,  which  may  prove  of  some  value  in  photography. 
This  is  the  discovery  that  formaldehyde  has  the  property  of  rendering 
gelatine  insoluble  in  water.  Gelatine,  both  in  solution  and  in  the  dry  con- 
dition, is  said  to  be  rendered  insoluble  by  formic  aldehyde,  and  the  jelly 
after  treatment  becomes  non-fusible.  When  a  very  small  proportion  of 
formaldehyde  is  mixed  with  a  warm  solution  of  gelatine,  the  whole  sets  on 
cooling,  but  can  be  remelted.  If,  however,  the  jelly  be  spread  out  and 
allowed  to  dry,  the  gelatine  becomes  completely  insoluble  in  water,  forming 
a  flexible  film,  which  can  be  used  for  photographic  negative  purposes.  In 
both  the  wet  and  dry  collodion  processes,  chrome-gelatine  is  used  to  insure 
the   adhesion   of  the   collodion  to  the  glass  plate,  the  sensitised  collodion 
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emulsion  being  poured  on  to  the  thin  layer  of  chrome-gelatine  previously 
applied.  Instead  of  chrome-gelatine,  formaldehyde-gelatine  can  be  used, 
but  whether  with  advantage  remains  to  be  seen.  The  applications  of 
formaldehyde-gelatine  are  patented  to  A.  Zimmerman,  London,'^  and  a 
process  for  making  sensitive  films  is  described  in  the  specification. 

When  nitrocellulose,  dissolved  in  alcohol  and  ether,  or  in  soda  or  potash- 
soluble  glass,  is  spread  over  a  surface  of  wood,  paper,  glass,  porcelain,  or 
metal,  and  the  solvent  allowed  to  evaporate,  the  film  remaining  is  said  to 
have  the  appearance  of  mother-of-pearl.  The  proportions  recommended  are  : 
I  part  of  nitrocellulose;  78  parts  of  alcohol  (90  to  100  per  cent  ) ;  21  parts  of 
ether.  With  soluble  glass  as  the  solvent,  10  parts  of  this  to  90  parts  of  water 
are  employed. 

The  nitrocellulose  may  be  pure  or  crude,  or  in  different  stages  of  nitrifica- 
tion, as  gun-cotton,  etc.  Ethyl  or  methyl  alcohol,  and  sulphuric  or  acetic  ether, 
are  recommended.  The  degree  of  concentration  of  the  nitrocellulose  may  be 
varied  within  certain  limits,  which  variations  produce  different  results.  The 
addition  of  bisulphide  of  carbon  in  the  proportion  of  25  parts  to  100  of  the 
above  solution,  or  the  addition  of  benzine,  produces  a  difference  in  the  bril- 
liancy and  arrangement  of  the  colors  of  the  iris  developed  on  the  mother-of- 
pearl-like  surface. 

The  best  cleansing  compound  for  nickel  ware  is  50  parts  of  alcohol  and 
one  of  sulphuric  acid.  The  article  to  be  cleaned  is  held  in  the  solution  five 
to  fifteen  seconds,  after  which  it  is  washed  with  water,  rinsed  with  alcohol 
and  wiped  dry  with  a  clean  rag. 

From  the  Scientific  America7i,  we  learn  that  Mr.  B.  Haskell,  superin- 
tendent of  motive-power  on  the  Chicago  and  West  Michigan,  and  the  Detroit, 
Lansing  and  Northern  Railway,  is  using  burlap  for  packing  tender  and 
engine  truck  boxes.  The  material  is  the  burlap  or  sacking  that  the  baled 
waste  is  wrapped  in.  The  material  is  springy  and  will  not  mat.  Its  elas- 
ticity keeps  it  up  in  contact  with  the  journal  and  its  texture  permits  the  oil 
to  pass  through  it  freely.  The  material  is  cut  up  quite  fine  preparatory  to 
use.  Mr.  Haskell  writes  to  Railway  Ettgineering  and  Mecha7iics,  that  he 
finds  it  to  be  equally  as  good  as  woollen  waste,  and  has  the  advantage  of  cost- 
ing nothing.  He  furnishes  his  trainmen  with  saturated  waste  instead  of  oil 
for  oiling  cars.  To  prepare  this  waste  he  has  built  a  special  tank.  It  is  cir- 
cular and  will  hold  about  six  barrels  of  oil.  A  coil  of  steam  pipe  is  run 
around  the  inside  of  the  tank,  and  a  shelf  of  stack  netting  is  secured  on  one 
side.  About  two  barrels  of  oil  are  turned  into  the  tank  and  waste  enough  to 
absorb  that  quantity  of  oil.  Steam  is  then  turned  on  and  the  oil  heated  slightly, 
making  it  thin  enough  to  be  absorbed  readily  by  the  waste.  It  is  then 
allowed  to  soak  for  at  least  twenty- four  hours,  and,  after  being  again  heated, 
the  waste  is  put  on  the  shelf  to  drip.  The  second  heating  is  to  make  the 
waste  drip  more  quickly  than  it  otherwise  would.  A  little  experience  in 
heating  the  oil  will  enable  the  operator  to  prepare  it  so  that  the  oil  will  drain 
from  the  waste  without  any  handling  or  pressing.     It  has  been  found  so  con- 

*  British  Patent,  No.  2036,  1894. 
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venient  that  since  the  plan  has  been  adopted  the  trainmen  are  not  ^iven  oil, 
but  saturated  waste  instead,  and  the  cost  of  oiling  cars  has  been  greatly 
reduced  thereby. 

Cobalt  nitrate  is  found  by  Dr.  Johann  Antal,  a  Hungarian  chemist,  to 
bean  aniidote  in  pnissic  acid  and  cyanide  poisoning.  After  having  demon- 
strated its  value  by  experiments  on  animals,  the  author  administered  it  to  no 
less  than  forty  persons  who  had  been  accidentally  poisoned  by  prussic  acid, 
and  in  all  cases  the  results  are  reported  to  have  been  satisfactory. 


PRODUCTION  OF  BESSEMER  STEEL  INGOTS  AND  RAILS 

IN   1894. 

The  Bulletin  of  the  American  Iron  and  Steel  Association  prints  complete 
statistics  of  the  production  of  Bessemer  steel  ingots  and  of  Bessemer  steel 
rails  of  all  weights  and  sections  in  the  United  States  in  1894,  including  a 
small  quantity  of  standard  rails,  and  a  larger  quantity  of  street  and  electric 
rails,  which  were  made  by  manufacturers  from  purchased  blooms.  In  the 
statistics  of  ingots  produced  are  included  the  production  of  the  few  Clapp- 
Griffiths  and  Robert-Bessemer  plants,  and  also  the  production  of  steel  cast- 
ings by  all  Bessemer  works. 

The  total  production  of  Bessemer  steel  ingots  in  1894  was  3,579.^o^ 
gross  tons,  against  3,215,686  gross  tons  in  1893,  showing  an  increase  in 
1894  of  363  415  tons,  or  ir3  per  cent. 

The  total  production  of  all  kinds  of  Bessemer  steel  rails,  including  light 
and  heavy,  and  street  and  mine  rails,  in  the  United  States  in  1894  was  1,014,- 
034  gross  tons,  against  1,129,400  gross  tons  in  1893,  a  decrease  in  1894  of 
115,366  gross  tons,  or  io'2  per  cent.  The  production  of  Bessemer  steel  rails 
in  1894  was  composed  of  899, 1 20  gross  tons  rolled  by  the  producers  of  domes- 
tic ingots,  and  114,914  tons  rolled  from  purchased  blooms. 


PIG  IRON  AT  ^5.00  PER  TON. 

An  illustration  of  the  claims  made  for  Southern  manufacturing  locations 
is  seen  in  a  recent  statement  given  out  by  a  company  of  Northern  and 
Western  capitalists  who  have  been  investing  largely  in  East  Tennessee  lands. 
This  statement  is  to  the  effect  that  the  La  Follette  Coal  and  Iron  Company 
has  about  50,000  acres  of  land,  on  which  are  some  fifteen  or  twenty  seams  of 
bituminous  coal  lying  horizontally  one  above  the  other.  This  company  also 
owns  7,000  or  8,coo  acres  of  iron  ore  land,  which  runs  from  fifty-four  to  fifty- 
nine  per  cent,  metallic  iron.  The  coking  coal  and  the  iron  ore  are  said  to  be 
within  the  extremes  of  half  a  mile,  and  between  the  two  is  an  unlimited 
quantity  of  limestone,  the  three  being  so  situated  that  they  can  be  delivered 
at  the  furnaces  by  gravity,  without  the  use  of  steam.  The  gentleman  making 
these  statements  predicts  that  pig  iron  of  a  quality  sufficient  to  make  basic 
steel  v/ill  be  produced  at  this  point  within  a  period  of  eighteen  months,  at  a 
cost  not  to  exceed  ^5  00  per  ton. 

This  is  the  lowest  figure  yet  mentioned  as  the  cost  of  producing  Southern 
pig  iron.     Within  the  past  year  it  has   been  stated  that  pig  iron  was  being 
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made  wiih  washed  coke  at  a  total  cost  of  ^5.99  per  ton,  in  the  Birmingham, 
Ala.,  district.  A  journal  devoted  to  Southern  manufacturing  interests  said 
at  that  time  that  the  cost  in  the  Birmingham  district  had  been  cut  down  to 
less  than  $6.50,  a  reduction  of  $3.00  per  ton  from  the  lowest  figures  reached 
six  or  seven  years  previous.  A  later  estimate  placed  the  figures  at  $6.37.  At 
various  times  Southern  pig  iron  has  been  put  into  this  market  at  figures 
which,  if  there  was  anything  in  the  trade,  would  put  the  cost  of  production 
even  below  $5.00  per  ton,  but  such  sales  have  always  been  under  peculiar 
circumstances.  We  are  mclined  to  think  that  even  with  the  great  natural 
advantages  claimed  by  the  company  mentioned,  $5.00  pig  iron  will  hardly 
be  produced  in  the  near  future. — American  Manufacturer. 


THE  BALTIC  AND  NORTH  SEA  CANAL. 

During  the  latter  part  of  June  it  is  expected  that  the  canal  connecting  the 
Baltic  and  North  Seas  will  be  opened  for  commerce. 

The  line  of  the  canal  starts  at  Kiel,  on  the  Baltic  Sea,  and  crossing  the 
Prussian  Province  at  Holstein,  joins  the  Elbe  at  Brunsbuttel,  below  Ham- 
burg. Work  was  begun  on  June  3,  1887,  and  over  8.600  men  were  employed 
during  the  summer  months,  while  in  winter  the  number  was  reduced  to  about 
4.700.  The  plant  comprised  90  locomotives,  2,473  cars,  66  dredgers,  133 
lighters  and  55  engines.  The  estimated  cost  was  M  156,000,000(137,440,000), 
and  the  thoroughness  of  preparation  and  efficiency  of  execution  cannot  be 
better  illustrated  than  by  mentioning  the  fact  that  the  estimate  has  not  been 
exceeded. 

There  will  be  two  locks  :  one  at  the  Baltic  end,  open  all  the  year  round, 
except  during  25  days  ;  and  one  on  the  Elbe,  open  three  to  four  hours  during 
every  flood  tide,  so  that  it  may  almost  be  termed  a  tidewater  canal.  Its 
length  is  53^^  miles  ;  average  depth,  29;^  feet ;  width  at  bottom,  72  feet ; 
widih  at  water  level,  213  feet. 

At  Brunsbuttel,  on  the  Elbe,  there  is  an  outer  harbor  1,312  feet  long  by 
328  feet  wide;  then  follows  the  lock,  492  feet  by  82  feet  and  32I  feet  deep, 
and  then  an  inner  harbor  1,640  feet  by  656  feet.  Two  suspension  bridges 
cross  the  canal  nearly  138  feet  above  water  level,  so  that  railway  traffic  will 
not  be  interrupted. 

The  speed  allowed  on  the  canal  will  be  5*3  miles  per  hour,  making  the 
time  of  passage  about  thirteen  hours.  The  toll  will  be  75  pfennigs,  or  18 
cents  per  net  register  ton  (loading  capacity).  It  is  expected  that  about  18, ceo 
ships  will  make  use  of  the  canal  annually,  representing  about  7,1500,000  tons. 
Hitherto  about  35,000  ships  passed  every  year  through  the  Skager  Rack  and 
the  Cattegat,  between  the  Baltic  and  the  North  Sea,  so  that  the  estimated 
percentage  seems  fair.  The  saving  of  time  will  be  considerable,  since  for 
all  ships  bound  to  or  from  any  point  south  of  Hull  the  distance  will  be 
reduced  by  238  miles,  while  Bremen  ships  will  save  322  miles  and  Hamburg 
ships  424  miles.  But  more  important  than  the  saving  in  time  is  the  avoid- 
ance of  danger,  the  passage  through  the  Sound  between  the  Scandinavian 
Peninsula   and   Jutland  being  considered  one   of    the   most   dangerous  in 
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Europe.     Statistics  show  that  about  200  vessels  founder  every  year  on  these 
coasts. 

The  strategic  value  of  the  canal  is,  beside,  of  the  greatest  value  to  Ger- 
many, because  its  men-of  war  will  be  able  to  pass  from  the  North  Sea  to  the 
Baltic  wiih  ease  and  safety,  avoiding  the  passage  through  foreign  waters,  and 
permitting  rapid  concentration  on  the  North  or  the  West  coast. — Jifigineering 
and  Mining  Journal. 

OUR  TIN-PLATE  CAPACITY. 

Secretary  John  Jarrett,  of  the  Tinned  Plate  Manufacturers'  Association, 
publishes  a  statement  concerning  our  tin-plate  industry.  It  appears  from  the 
statement  that  when  the  tin-plate  mills  under  construction  and  those  pro- 
jected are  finished  and  running,  the  output  of  tin-plates  in  this  country  will 
be  over  half  a  million  boxes  above  the  present  annual  consumption  of  tin- 
plates  in  the  United  States.  The  annual  consumption  is  given  at  about  6,000,- 
000  boxes,  which  includes  the  tin-plates  exported  by  the  Standard  Oil  Com- 
pany and  the  various  canneries.  The  capacity  of  mills  built  and  building  is 
given  at  4,980,000  boxes  annually.  If  those  projected  are  built,  Mr.  Jarrett 
says  that  the  output  would  be  6,720,000  boxes.  But  we  annually  export  about 
1,500,000  boxes  in  the  form  of  cans  of  all  sizes,  and  if  it  be  assumed  that 
this  part  of  our  supply  is  always  to  be  obtained  abroad,  then  our  strictly 
domestic  consumption  is  reduced,  according  to  Mr.  Jarrett,  to  about  4,500,000 
boxes. 

By  examination  of  the  Treasury  statistics  we  find  that  the  imports  of  tin- 
plates  during  the  four  fiscal  years  ended  June  30,  1890,  amounted  to  2,623,- 
006.255  pounds,  or  an  average  of  655,751,564  pounds  per  year,  equivalent  to 
6,557,516  boxes  of  100  pounds  each.  As  no  tin-plates  were  made  in  this 
country  during  the  years  mentioned,  the  domestic  consumption  is  practically 
represented  by  the  imports  for  the  period.  During  the  four  fiscal  years  ended 
June  30,  1S94,  the  imports  of  tin-plates  amounted  to  2,541,251,204  pounds, 
and  the  domestic  production  in  the  three  years  ended  June  30,  1894,  as 
ascertained  by  the  Treasury  Department,  was  252,689,388  pounds,  making 
the  total  available  supply  during  the  four  years  2,793,940,592  pounds,  or  27,- 
939  406  boxes.  This  gives  an  average  annual  supply  of  698,485,148  pounds, 
or  6,984,851  boxes  during  the  past  four  fiscal  years.  For  the  past  eight  years 
the  average  annual  supply  of  tin-plates  has  been  6,771,183  boxes,  and  this 
practically  represents  the  average  yearly  consumption  during  that  period. 

It  will  be  observed  that  Mr.  Jarrett's  figures  of  the  annual  consumption  of 
tin-plates  in  this  country,  including  the  export  trade,  are  too  low  by  from 
half  a  million  to  a  million  boxes.  It  should  also  be  seriously  taken  into 
account  that  many  of  the  prospective  tin-plate  works  mentioned  by  Mr.  Jar- 
rett may  never  be  built.  Besides,  it  is  almost  too  much  to  expect  that  all  the 
works  actually  constructed  will  annually  work  up  to  their  full  capacity.  We 
have  no  doubt  that  eventually  we  will  have  the  capacity  to  produce  more 
tin-plates  than  we  can  consume,  but  it  is  too  soon,  in  our  opinion,  to  assume 
that  this  result  has  been  reached,  or  that  it  is  dangerously  near. 
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We  roncede,  however,  that  if  we  are  always  to  obtain  abroad  the  tin- 
plates  that  we  export  in  various  ways,  because  these  tin-plates  may  be 
obtained  virtually  free  of  duty  owing  to  the  drawback  provision  of  the  tariff, 
then  our  capacity  to  produce  tin-plates  is  already  near  the  actual  home  con- 
sumption. But  why  assume  that  exported  tin-plates  will  continue  to  be  made 
abroad  ? — Bull.  Iron  and  Steel  Associatio?i. 


BOOK   NOTICES. 


Electric  Transjnisston  of  Enerf^y  and  its  Transformation,  Subdivision  and 
Distribution.  A  practical  handbook.  By  Gisbert  Kapp.  (4th  edition,  thor- 
oughly revised.)     New  York  :  D.  Van  Nostrand  Company.     1894. 

Those  of  our  readers  who  are  interested  in  electrical  science  will  be  so 
familiar  with  the  previous  editions  of  this  excellent  handbook,  that  no  intro- 
duction will  be  required  in  making  reference  to  the  appearance  of  a  4th 
edition. 

In  this  the  author  has  been  compelled,  by  the  enormous  strides  that  have 
taken  place  in  connection  with  electric  power-transmission  since  the  appear- 
ance of  the  previous  editions,  to  modify  considerably  the  scope  of  the  work. 
The  historical  portion  of  the  subject  has  accordingly  been  entirely  omitted,  as 
has  likewise  the  detailed  description  of  a  number  of  transmission  plants. 

On  the  other  hand,  the  present  edition  devotes  considerably  more  space 
to  the  theory  of  continuous  current  machines,  while  the  theory  of  alternators 
and  multiph^sers  has  been  added.  W. 


Annuaire  pour  V An  i8g^,  public  par  le  Bureau  des  Longitudes;  avec  des 
notices  scientifiques.  (Price,  fcs.  1.50.)  Paris:  Gauthier-Villars  et  fils. 
1895. 

This  publication,  issued  annually  by  the  "  Bureau  des  Longitudes,"  con- 
tains, in  conveniently  accessible  form,  all  the  information  that  would  naturally 
be  looked  for  in  a  nautical  almanac,  together  with  a  large  amount  of  miscel- 
laneous information  respecting  the  coinage,  statistics,  geography,  mineralogy, 
chemistry,  etc.  Among  the  specially  interesting  communications  contained 
therein  is  one  by  Berthelot,  giving  a  series  of  thermo-chemical  values  revised 
and  corrected  to  date.  W. 


T/te  Source  and  Mode  of  Solar  Energy. — By  L  W.  Heysinger,  M.D.     Phila- 
delphia: J.  B.  Lippmcoit  Company.     1895. 

The  above-named  work  is  an  ingenious  speculation  in  which  the  author 
seeks  to  account  for  the  origin  and  maintenance  of  the  solar  energy.  Like 
others  who  have  preceded  him  in  the  study  of  this  fascinating  problem, 
notably  Meyer  and  Sir  Wm.  Siemens,  the  author  finds  the  explanation  in 
sources  exterior  to  the  sun.  His  views  on  the  subject  are  interesting  and 
forcibly  presented,  and  the  book  will  repay  perusal.  W. 
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A  Laboratory  Manual  of  Fhysics  and  Applied  Elrctricity. — Arranged  and 
edited  by  Edward  L.  Nichols,  Professor  of  Physics  in  Cornell  University. 
In  two  volumes.  Vol.  II.  Senior  courses  and  outlines  of  advanced  work. 
By  (itorge  S.  Moler,  Fred'k  Bedell.  Homer  J.  Holchkiss,  Chas.  V.  Mat- 
thews, and  the  Edito|-.    New  York  :  Macmillan  &  Co.     1894.    Price,  $3  25. 

This  is  the  companion  volume  to  the  manual  for  beginners  in  physics, 
which  was  lately  reviewed  in  these  columns,  and  is  intended  for  the  guidance 
and  instruction  of  advanced  students,  who  are  prepared  to  undertake  special 
work. 

The  book  is  divided  into  four  parts,  viz.:  Experiments  with  direct  current 
apparatus;  experiments  with  alternating  currents ;  senior  courses  on  heat 
and  photometry  ;  and  outlines  of  advanced  work  in  general  physics.  The  first 
three  parts  have  been  prepared  with  especial  reference  to  the  needs  of  those 
who  are  preparing  themselves  for  the  profession  of  electrical  engineer.  The 
method  followed  in  the  work  is  the  presentation  of  experimental  studies  of 
the  most  important  problems  occurring  under  each  chapter  head.  W. 


Encyclopidie  Scientifique  des  Aide-Memoire.     Paris  :    Gauthier-Villars  et  fils. 
(Price,  per  vol.,  Ics.  2.50,  unb.;  fcs.  3,  bound.) 

The  following  additional  volumes  of  this  practical  and  comprehensive 
encyclopaedia  of  the  arts  and  manufactures  have  been  issued  since  the  publi- 
cation of  the  previous  reference  thereto  in  this  Journal. 

Dudebout  et  Croneau.  Ingenieurs  de  la  Marine.  Appareils  accessoires 
des  c handier es  a  vapeur. 

Leloutre,  Georges.  Ingenieur  civil.  Le  Fonctionnement  des  Ma- 
chines a  vapeur. 

Hatt.     Ingenieur  hydrographe  de  la  Marine.     Des  Marees, 

Vallier.  Chef  d'escadron  d'Artillerie,  Correspondant  de  I'Institut. 
Balistique  des  nouvelles  poudres. 

Jacquet,  Louis.  Ingenieur  des  Arts  et  Manufactures.  La  fabrica- 
tion des  eaux-de-vie. 

La  Baume  Pluvinel,  A.  de.  La  Theorie  des  precedes  photogra- 
phiques. 

Bourlet,  C.  Professeur  au  Lycee  Henri  IV,  Docteur  es  Sciences. 
Traite  des  Bicycles  et  des  Bicyclettes,  suivi  d'une  applicatio7i  a  la 
Construction  des  Velodromes. 

Sorel,  E.  Ancien  ingenieur  des  manufactures  de  I'l&tat.  Professeur 
suppliant  au  Conservatoire  des  Arts  et  Metiers.  La  Distilla- 
tion. 

The  foregoing  volumes  are  uniform  in  appearance,  each  forming  a  small 
octavo,  and  complete  in  itself.  Each  subject  is  treated  by  a  competent  spe- 
ciaHst.  The  convenient  form  of  the  separate  parts  of  the  series,  and  the  con- 
densed yet  thorough  treatment  which  each  subject  receives,  render  this  work 
an  extremely  useful  one.  W. 
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Franklin    Institute. 


[Proceedings  of  the  stated  meeting,  held  Wednesday ,  April  //,  /^pj] 

Hall  of  the  Franklin  Institute, 
Philadelphia,  April  17,  1895. 

Mr.  Jos.  M.  Wilson,  President,  in  the  chair. 

Present,  seventy-two  members  and  thirteen  visitors. 

Additions  to  membership  since  last  report,  nine. 

The  paper  of  the  evening  was  read  by  Mr.  E.  D.  Smith,  on  the  Chicago 
Drainage  Canal. 

The  speaker  gave  an  account  of  the  general  scope  of  this  important 
work,  and  of  its  salient  engineering  features  ;  also,  of  the  methods  employed 
in  its  construction,  the  present  state  of  the  work,  etc.  The  paper  was  pro- 
fusely illustrated  by  means  of  lantern  views  made  from  photographs  taken  on 
the  scene  of  operations.  It  was  discussed  by  the  author.  Prof.  Lewis  M. 
Haupt,  Messrs.  Spencer  Fullerton,  G.  M.  Eldridge,  Warner  Walter,  the  Presi- 
dent, the  Secretary  and  others. 

On  Mr.  FuUerton's  motion,  the  thanks  of  the  meeting  were  voted  to  Mr. 
Smith  for  his  interesting  and  instructive  presentation  of  the  subject. 

The  Secretary,  in  his  monthly  report,  gave  a  description,  with  the  aid  of 
a  view  upon  the  screen,  of  the  new  steel  cantilever  bridge  about  to  be  built 
over  East  River  at  Blackwell's  Island,  New  York.  (A  brief  account  of  this 
structure  appears  in  the  annual  report  of  the  Secretary,  published  in  the 
February  impression  of  the  Journal.)  He  also  gave  a  brief  account  of  a 
number  of  important  ship  canals,  either  under  construction  or  projected,  in 
Europe  and  America. 

The  Secretary  referred  also  to  the  fact  that  the  evidence,  which  Lord  Ray- 
leigh  and  Professor  Ramsay  had  succeeded  in  accumulating  in  demonstration 
of  the  existence  of  "  argon,"  the  alleged  new  constituent  of  the  atmosphere, 
is  now  believed  to  be  so  convincing,  that  the  genuineness  of  the  discovery 
may  beregarded  as  having  been  placed  beyond  doubt.  He  referred  also  to 
the  probable  identification,  by  Professor  Ramsay,  of  "  helium  " — ahypo- 
thetical  element  heretofore  believed  to  exist  only  in  the  sun — in  a  mineral 
of  terrestrial  occurrence. 

Of  new  inventions,  there  were  presented  and  described,  an  under-surface 
conduit  system  for  electric  trolley  railways,  devised  by  Mr.  Joshua  M.  Ham- 
mill  ;  and  a  trolley-car  fender,  invented  by  Mr.  Frederick  Fiechter. 

Adjourned. 

Wm.  H.  Wahl,  Secretary, 
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CHEMICAL  SECTION. 

stated  Meeti7ig  of  March  ig,  iSg^. 

Dr.  W.  C.  Day,  President  in  the  Chair. 

[The  President  announced  the  paper  for  the  evening,  and  introduced  the 
speaker.] 

COMPOSITION  OF   THE  AMERICAN   SULPHUR 

PETROLEUMS; 


By  Charles  F.  Mabery, 
Professor  of  Chemistry,  Case  School  of  Applied  Science. 


One  of  the  most  interesting  exhibits  in  the  Department 
of  Mines  in  the  Columbian  Exposition  was  the  extensive 
collection  of  crude  petroleums,  refined  products  and  dia- 
grams illustrating  the  petroleum  industry,  shown  by  the 
Standard  Oil  Company.  Of  the  marvelous  development  of 
our  natural  resources  during  the  last  thirty  years,  perhaps  a 
more  striking  illustration  could  not  be  presented  than  that 
afforded  by  the  petroleum  exhibit. 
Vol.  CXXXIX.    No.  834.  26 
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Since  the  early  discovery  of  petroleum  in  this  country  the 
manufacture  of  products  obtained  from  it  has  been  distinc- 
tively an  American  industry.  In  the  history  of  its  develop- 
ment we  are  struck  with  the  great  skill  and  originality  in 
methods  which  were  devised  for  sinking  wells  to  great 
depths,  and,  when  necessary,  for  removing  obstacles  to  the 
free  outflow  of  oil  by  exploding  the  wells  with  torpedoes,  as 
well  as  in  the  application  on  a  large  scale  of  methods  of 
fractional  distillation  for  the  separation,  in  a  single  opera- 
tion, of  commercial  products  from  the  crude  oil.  We  are  also 
impressed  with  the  inventive  genius  displayed  in  the  con- 
struction of  peculiar  forms  of  lamps,  burners  and  heaters 
for  household  use  ;  and  in  the  discovery  of  manifold  uses  for 
the  various  distillates  in  cleansing,  lubrication  and  medi- 
cine, and  in  the  manufacture  of  soaps,  candles,  solvents, 
electric  light  carbons  and  numerous  other  products. 

The  specimens  of  crude  oils  in  the  Columbian  Exposition 
showed  all  gradations  in  color  between  transparent  or  nearly 
colorless  oils  and  those  which  were  very  dark  and  opaque, 
such  as  are  used  in  the  ordinary  processes  of  refining.  So 
far  as  it  appears  from  the  results  of  numerous  investiga- 
tions on  the  composition  of  crude  petroleums  from  different 
localities,  they  are  more  nearly  alike  than  is  indicated  by  the 
inequalities  in  color.  The  main  points  of  difference  depend 
upon  variations  in  the  proportions  of  the  hydrocarbons, 
which  constitute  the  commercial  products,  such  as  the  naph- 
thas, gasolines,  burnicig  oils  and  lubricating  oils. 

The  single  method  available  for  the  examination  of  crude 
petroleums  depends  upon  the  wide  variation  in  the  boiling 
points  of  the  constituent  hydrocarbons,  which  renders  pos- 
sible a  separation  sufficiently  complete  for  the  preparation 
of  commercial  products.  By  this  method  the  hydrocarbons 
of  lower  boiling  points  have  been  isolated  and  identified, 
and  the  composition  of  the  more  volatile  portions  of  the 
crude  oils  has  been  determined  with  precision.  Unfortu- 
nately the  less  volatile  constituents,  the  hydrocarbons  which 
distill  above  250°  or  300°,  suffer  decomposition  during  dis- 
tillation, or,  as  it  is  termed  by  the  refiners,  they  undergo 
"cracking."     Even  under  diminished  pressure,  although  a 
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larger  quantity  may  be  distilled,  the  temperature  soon  rises 
to  a  point  at  which  there  is  considerable  decomposition  of 
the  heavier  distillates,  and  this  increases  with  the  temper- 
ature, until  finally  there  is  left  in  the  still  a  mass  of  porous 
carbon  representing  a  considerable  portion  of  the  original 
oil.  On  account  of  this  decomposition  by  distillation,  and 
the  lack  of  any  other  method  for  the  separation  of  the  less 
volatile  constituents  of  crude  oils,  our  knowledge  of  this 
subject  is  still  incomplete. 

The  discovery  and  subsequent  development  of  the  Ohio 
sulphur  petroleum  mark  a  notable  epoch,  even  in  the  midst 
of  the  wonderful  growth  of  the  petroleum  industry  in  other 
fields.  Even  with  the  advantage  of  former  experience,  the 
novel  problems  presented  for  solution  in  the  new  fields,  at 
first,  bafiied  the  best  skill  of  the  driller  and  the  refiner. 
Fortunately,  from  the  beginning,  ample  opportunities  were 
afforded  for  thorough  scientific  study  of  the  geological  for- 
mations encountered  in  sinking  wells  and  the  mode  of 
occurrence  of  the  oil,  as  well  as  of  the  technological  features 
of  its  production.  To  appreciate  the  thorough  manner  in 
which  such  knowledge  of  the  Ohio  gas  and  oil  fields  has 
been  collected  and  placed  on  record  by  Prof.  Edward 
Orton,  State  Geologist  of  Ohio,  it  is  only  necessary  to 
consult  the  Eighth  Annual  Report  of  the  U.  S.  Geological 
Survey,  and  the  Reports  of  the  Ohio  State  Geological 
Survey  for  1888  and  1890.  These  reports  contain  a  vast 
amount  of  valuable  information  concerning  the  new  gas 
and  oil  territory. 

In  attempting  to  present  the  merest  outline  of  the  mode 
of  occurrence  of  the  Ohio  sulphur  petroleums,  I  shall  refer 
to  some  of  the  results  obtained  by  Professor  Orton  in  his 
exhaustive  study  of  the  Trenton  limestone  formations,  with 
which  the  oil  deposits  are  associated. 

It  is  now  well  known  that  the  distribution  of  petroleums 
within  the  United  States  is  restricted  to  quite  limited  dis- 
tricts as  compared  with  the  total  area,  and  that  besides  differ- 
ences in  the  oils  from  different  localities,  of  color,  transpar- 
ency and  varied  proportions  of  the  individual  constituents, 
the  oils  of  certain  fields  have  peculiar  characteristics  which 
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depend  upon  the  presence  of  a  considerable  proportion  of 
sulphur  compounds.  It  is  interesting-  to  note  that  these 
sulphur  petroleums  are  found  only  in  districts  quite  distinct 
from  those  of  the  sulphur-free  oils. 

Public  attention  was  first  attracted  to  the  Ohio  sulphur 
petroleum  by  the  discovery,  in  November,  1884,  at  Findlay, 
in  that  State,  of  oil  and  gas  in  considerable  quantities.  In 
that  part  of  the  Northwestern  section  of  Ohio,  known  as 
the  Black  Swamp,  the  presence  of  gas  and  oil  in  creeks  and 
pools  has  been  known  since  this  section  of  country  was 
first  inhabited ;  but  the  last  decade  has  here  witnessed  a 
marvelous  development  of  these  natural  products.  The 
immense  deposits  of  gas  are  now  apparently  nearly  ex- 
hausted, but  the  copious  flow  of  oil  still  continues.  In  the 
exploitation  of  oil  in  Ohio,  the  prospectors  had  all  the  ad- 
vantage of  twenty  years'  experience  in  the  fields  of  Penn- 
sylvania. The  methods  of  sinking  wells,  as  well  as  the 
manipulation  of  oil  and  the  modes  of  treatment  in  refining, 
had  been  highly  perfected.  Markets  were  ready  to  receive 
the  refined  oils,  and  no  time  was  lost  in  waiting  for  the 
discovery  of  uses  for  the  various  products.  It  is  true  that 
an  over-stocked  market  has  led  to  a  large  consumption  of 
the  crude  oil  for  fuel  at  a  quarter  of  its  real  value,  but  this 
destructive  use  cannot  long  continue. 

The  first  oil  was  obtained  from  a  well  drilled  at  Lima,  in 
May,  1885,  and  soon  afterward,  in  the  same  year,  oil  flowed 
freely  from  a  well  bored  at  Findlay.  The  first  production 
from  the  Hume  well,  in  1886,  was  at  the  rate  of  250  barrels 
per  day.  In  May,  1887,  there  were,  in  the  Lima  field  alone, 
445  wells  producing  daily  9,488  barrels ;  the  greatest  daily 
production  of  any  single  well  was  stated  to  be  5,000  barrels. 

The  discovery  of  a  productive  source  of  oil  in  the  lower 
Silurian  limestone  seems  to  have  been  a  great  surprise  to 
both  geologists  and  oil-men,  although  the  presence  of  oil  in 
this  limestone  had  previously  been  maintained  by  T.  Sterry 
Hunt  {Am.  Joiirn.of  Science,  II,  35,  168).  As  was  expressed  by 
Orton,  the  enormous  flow  of  gas  and  oil  from  the  dolomitic 
Trenton  limestone  constituted  a  new  chapter  in  the  history 
of  petroleum  production,  and  one  of  great  interest,  since  the 
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Trenton  beds  form  the  most  important  single  source  of 
petroleum  in  the  United  States.  Later  developments  have 
not  only  confirmed  earlier  observations,  but  have  shown 
also  that  the  sulphur  petroleums  are  to  be  obtained  in 
quantity,  in  the  central  part  of  the  United  States  and 
Canada,  only  from  the  older  limestones. 

The  Trenton  limestone,  one  of  the  older  formations  of 
the  continent,  extends  from  New  England  to  the  Rocky 
Mountains.  Occasionally  outcropping,  it  forms  excellent 
building  stones  ;  when  burnt,  valuable  lime ;  and,  by  decay, 
fertile  soils.  Frequently  it  underlies  the  entire  strata  of 
large  areas  without  appearing  at  the  surface.  In  northwest- 
ern Ohio,  where  it  forms  the  reservoir  of  the  sulphur  petro- 
leums, it  is  usually  from  1,000  to  2,000  feet  below  the  surface, 
beneath  a  succession  of  shales  (Utica,  Hudson  River  and 
Medina)  from  400  to  1,000  feet  in  thickness.  Although  the 
limestone  seems  to  be  permeated  throughout  with  oil,  the 
uppermost  beds,  to  a  depth  of  from  20  to  30  feet,  contain 
the  accumulated  stocks,  a  bittern  of  peculiar  composition 
occupying  the  space  beneath. 

With  the  history  of  the  development  of  Trenton  lime- 
stone oil  and  gas,  as  one  of  the  centers  of  enormous  produc- 
tion, the  town  of  Findlay  is  intimately  associated.  The 
dolomitic  composition  of  the  limestone,  which  experience 
has  shown  to  be  an  essential  condition  for  gas  or  oil,  is  here 
present.  Gas  is  derived  from  areas  less  than  400  feet  below 
the  sea-level,  with  Niao^ara  limestone  as  the  surface  rock. 
The  village  is  divided  into  two  nearly  equal  portions ;  the 
east  side,  occupied  by  the  Niagara  limestone,  is  gas  ter- 
ritory ;  and  the  west  side,  occupied  by  the  Lower  Helde- 
berg  or  water  lime,  is  oil  territory. 

The  essential  features  of  petroleum  production  are  source, 
reservoir  and  cover.  In  the  Ohio  fields  the  Trenton  lime- 
stone, as  the  reservoir,  is  never  wanting  in  oil;  and  the 
superimposed  beds  of  impervious  shales,  in  depths  of  from 
500  to  1,000  feet,  furnish  the  cover.  The  necessary  porosity 
is  due  to  the  fact  that  the  oil  rock  is  a  dolomite  of  highly 
crystalline  structure.  The  intercrystalline  spaces  furnish 
adequate  storage  for  large  deposits  of  oil.     The  thickness  of 
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the  upper  strata  of  the  dolomitic  limestone  which  constitutes 
the  reservoir,  is  usually  from  five  to  ten  feet,  occasionally 
from  fifty  to  loo  feet.  In  the  Lima  field,  thirty  feet  below 
the  surface  of  the  Trenton  limestone  is  recognized  as  the 
limit  of  the  level  of  value  for  oil.  The  conditions,  then,  for 
the  storage  of  oil  in  economic  quantities  depend  upon  a  dol- 
omitic composition  of  the  limestone  (which  seems,  also,  to 
be  the  source  as  well  as  the  reservoir),  with  an  overlaying, 
impervious  shale,  as  a  cover. 

Around  each  productive  field  there  appears  to  be  a  sharply 
drawn  "■  dead  line,"  marking  the  boundaries  between  oil  or 
gas  and  salt  water,  which  is  the  propelling  force  of  the  con- 
fined oil  or  gas  ;  and  they  occupy  different  levels,  depending 
upon  the  height  of  the  reservoirs.  At  Findlay  and  in  the 
Lima  fields,  the  highest  level  of  the  reservoirs  is  300  feet 
below  tide  ;  the  salt  water  level  was  originally  500  feet  below 
tide  at  Findlay,  and  400  feet  below  at  Lima.  In  Indiana,  the 
"dead  line,"  or  salt  water  line,  in  the  porous  reservoir,  is  less 
than  100  feet  below  tide.  This  area  of  30,000  square  miles 
is  a  plain  over  nearly  its  entire  extent,  with  the  Niagara 
limestone  as  the  surface  rock  where  gas  is  found,  and  the 
Lower  Helderberg  the  surface  rock,  where  oil  is  abundant. 
In  the  absence  of  outcropping  oil  rock,  these  surface  indica- 
tions are  important  guides  for  the  location  of  new  wells.  The 
location  and  limits  of  the  salt  water  line  were  soon  learned, 
and,  with  minor  exceptions,  500  feet  was  accepted  as  the 
limit  below  which  it  is  not  profitable  to  drill. 

In  1863,  Dr.  T.  S terry  Hunt  [Amer.  Jour,  of  Science,  II,  35, 
170)  explained  that  the  petroleum  supply  of  Western 
Ontario  was  derived  from  a  broad,  low  anticlinal;  and  he 
maintained  that  the  anticlinal  structure  is  necessary  in  con- 
nection with  hydrostatic  pressure  to  the  production  of  a 
large  supply  of  oil.  This  theory  has  been  fully  confirmed 
in  Ohio,  where  the  flat,  low-lying  terraces,  having  a  very 
slight  elevation  above  the  surrounding  country,  afford  suffi- 
cient storage  for  immense  quantities  of  oil.  For  the  most 
part,  the  Ohio  terraces  are  nearly  level,  with  slopes  of  less 
than  1°  ;  in  general,  the  range  in  elevation  throughout  100 
square  miles  does  not  exceed  100  feet. 
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In  extent,  the  T>ima  field  is  from  eight  to  ten  miles  in 
leng-th,  and  from  two  to  three  miles  in  breadth.  The  eleva- 
tion of  the  surface  above  the  sea  level  is  from  800  to  900 
feet;  the  gas  rock  is  nearly  level  and  about  380  feet  below 
tide.  ♦ 

The  Findlay  field  is  also  a  low,  nearly  horizontal  terrace 
of  Trenton  limestone,  about  1,250  feet  deep  and  two  miles 
wide  in  a  north  and  south  line,  by  less  than  five  miles  east 
and  west.  The  plains  of  Northern  Ohio  form  the  cover  of 
the  most  prolific  oil  field  yet  found  on  the  American  conti- 
nent, and  second  only  to  the  great  Russian  field  in  the  Cau- 
casus (Orton,  Geol.  Report  \  and  yet  the  deposits  of  oil  seem 
to  be  singularly  restricted  in  area.  Outside  of  the  Ohio  and 
Indiana  horizon,  drillings  i,oco  miles  distant  have  yielded 
neither  gas  nor  oil,  the  Trenton  limestone  failing  to  be  a 
source  beyond  this  limited  district. 

The  two  conditions  under  which  Trenton  limestone  has 
yielded  oil  or  gas  are  porosity  and  relief.  The  highly  crys- 
talline dolomitic  composition  supplies  porosity,  and  a  slight 
warping  of  the  strata  furnishes  a  reservoir  in  which  are 
stored  the  enormous  quantities  of  oil  and  gas  above  the  salt 
water.  Dr.  Hunt  described  this  brine  as  derived  from  the 
saline  deposits  evaporated  from  the  ancient  seas.  In  an 
examination  of  the  brine  from  Trenton  limestone.  Lord 
found  that  it  consisted  chiefly  of  the  chlorides  of  sodium,  cal- 
cium and  magnesium.  In  numerous  examinations  made 
in  this  laboratory,  of  salt  brine  collected  in  wells  drilled  for 
gas,    there   have  been  found  bromine,  iodine  and  lithium. 

Oil  is  very  widely  distributed  in  the  Ohio  limestone.  Hunt 
estimated  the  Chicago  oil  dolomite  to  be  one  foot  thick  and 
to  contain  one-tenth  of  one  per  cent,  of  oil.  The  same  quan- 
tity in  the  Ohio  rock  would  furnish,  in  every  square  mile  of 
strata  500  feet  thick,  more  than  2,500,000  barrels  of  oil;  in  a 
depth  of  1,500  feet,  75,000,000  barrels.  As  determined  by 
Lord,  the  amount  of  oil  in  the  shales  is  equivalent  to  one- 
fifth  of  one  per  cent.  Calculating  this  proportion  for  each 
square  mile,  to  a  depth  of  1,000  feet,  the  total  amount  would 
exceed  10,000,000  barrels  (Orton).  The  amount  of  oil  in  the 
Ohio  rocks,  therefore,  is  large   even    beyond    computation, 
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but  it  has  no  economic  value  except  when  accumulated  under 
pressure  in  reservoirs. 

Throughout  the  oil  and  gas  regions  in  Ohio  and  Indiana, 
the  salt  water  in  the  Trenton  limestone  rises  under  free 
flow  to  al^out  600  feet  above  tide.  The  pressure  is  attribu- 
ted  to  salt  water  collected  in  artesian  reservoirs  in  the 
porous  limestone  which  rises  to  the  surface  in  Michigan 
and  Illinois.  It  is  there  open  to  the  admission  of  surface 
waters,  which  exert  a  pressure  proportionate  to  the  head, 
and  the  oil  and  gas  collecting  by  gravitation  in  the  lime- 
stone reservoirs  are  subjected  to  a  corresponding  pressure. 

Professor  Orton  suggests  as  a  probable  explanation  of 
the  formation  of  the  oil  rock,  that  the  original  pure  lime- 
stone, formed  from  crinoids,  was  replaced  in  part  by  mag- 
nesic  carbonate  derived  from  sea  water,  and  as  the  new  crys- 
tals did  not  completely  occupy  the  spaces  left  vacant  by 
the  removal  of  the  crystals  of  calcic  carbonate,  the  infiltration 
of  liquids  became  possible.  The  limited  series  of  collected 
facts  and  observations  is  not  sufficient  to  explain  the  precise 
character  of  the  metamorphic  changes. 

In  Canada,  petroleum  seems  to  be  distributed  in  limited 
quantities  over  an  extensive  area,  but  not  in  sufficient  accu- 
mulations to  have  economic  value.  The  presence  of  oil  on 
the  waters  of  creeks  and  pools  first  attracted  attention  at  Oil 
Springs  in  1 860-6 1 .  Dr.  Winchell  estimated  that  not  less  than 
5,000,000  barrels  of  oil  flowed  off  on  the  waters  of  Black 
Creek  during  the  spring  and  summer  of  1861.  The  sole  sup- 
ply of  oil  is  derived  from  the  territory  at  Pelrolia  and  at  Oil 
Springs,  the  former  with  an  area  of  eight  square  miles,  and 
the  second  two  square  miles  in  extent.  The  geological  for- 
mations are  here  even  less  complicated  than  in  the  Ohio  oil 
fields,  since  the  oil  deposits  are  much  nearer  the  surface. 
The  same  conditions  of  structure  are  found,  viz.:  source, 
reservoir  and  cover,  that  have  been  established  in  Ohio. 
Instead  of  the  Trenton  limestone,  the  prolific  source  in  the 
neighboring  territory,  the  Corniferous  limestone  contains 
the  oil  deposits,  with  a  corresponding  shale  above,  which 
serves  as  an  impervious  cover.  The  following  section  of  a 
well  at  Oil  Springs  (H.  P.    Brummel,  Can.  Geol.  Rep.,  1888- 
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1889)  explains  the  composition  of   the  rock   strata  at    this 
point. 

Feet. 

Surface 60 

Upper  limestoue 35 

Shale  (upper  soapstoue) loi 

Middle  limestone 27 

Shale  (lower  soapstone)  ...        17 

Lower  limestone 130 
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The  wells  are  supposed  to  be  sunk  sixty  feet  into  the 
Corniferous  limestone. 

Section  near  the  Im.perial  refinery,  Petrolia — 

Feet. 

Surface 104 

Upper  limestone 40 

Shale  (upper  soapstone) 130  ^  Hamilton 

Middle  limestone 15 

Shale  (lower  soapstone) 43 

Hard  white  limestone 68 

Soft  limestone ^""X  Zormi^rov.^ 

Gray  limestone 25  J 

The  geology  of  the  Canadian  oil  deposits  was  first  investi- 
gated by  the  late  Dr.  T.  Sterry  Hunt,  and  on  his  conclusions 
was  based  the  first  and  most  probable  explanation  of  the 
origin  and  storage  of  limestone  oils  {Am.Joiirji.  of  Science,  II, 
35,  168).  He  asserted  that  these  oils  owe  their  formation  to 
the  decomposition  of  animal  remains  in  the  midst  of  a  marine 
calcareous  deposit.  The  cavities  of  the  shells  and  corals 
afforded  sufficient  space  for  the  storage  of  the  oil  as  it  was 
formed.  It  is  here  clearly  stated  that  the  limestone  is  both 
source  and  reservoir.  Whatever  may  have  been  the  con- 
ditions of  formation  of  petroleum  and  its  deposition  in 
other  regions,  subsequent  developments  in  the  Ohio  fields 
have  fully  confirmed  that  portion,  at  least,  of  Hunt's  hypo- 
thesis, which  makes  the  older  limestone  formations  the  reser- 
voir of  the  petroleums  in  question. 

The  Canadian  oil  deposits  are  much  nearer  the  surface 
than  those  in  Ohio.  As  shown  above,  the  depth  of  wells  at 
Petrolia  was  formerly  less  than  400  feet,  and  at  Oil  Springs 
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less  than  200  feet.     In  the  township  of  Enniskillen  the  depth 
and  flow  of  several  early  wells  were  as  follows  : 

Rayreh  Daily. 

At  a  depth  of  155  feet 2,000 

**     "   158  " 3,000 

"     "   167  " 6,000 

'•     "   188  "... 6,000 

"     "   237  " 7,500 

It  is  therefore  evident  that  the  flow  of  oil  from  some  of 
the  Canadian  wells  has  been  very  large.  In  1889  there  were 
thirteen  refineries,  nine  at  Petrolia  and  four  at  Oil  Springs. 

The  supply  of  oil  came  from  3,500  wells,  of  which  2,500 
were  at  Petrolia.  The  monthly  production  at  Oil  Springs 
amounted  to  20,000  barrels,  and  the  annual  consumption,  as 
nearly  as  could  be  estimated,  was  704,690  barrels.  At 
present  the  total  number  of  wells  is  8,000,  of  which  about 
6,000  are  in  operation  at  Petrolia.  The  annual  production, 
as  estimated  by  one  of  the  best-informed  oil  men  at  Petrolia, 
is  800,000  barrels  annually,  including  the  monthly  output  at 
Oil  Springs,  which  is  17,000  barrels.  The  average  depth  of 
wells  at  Petrolia  is  now  465  feet,  and  at  Oil  Springs,  380 
feet.  From  the  large  number  of  wells,  it  is  evident  that 
the  average  daily  production  of  individual  wells  is  small. 
When  first  drilled,  a  well  may  yield  a  barrel  or  more  daily, 
but  the  flow  finally  falls  to  one-half  or  one-third  of  a  barrel. 
The  small  daily  yield,  however,  is  offset  by  the  long  life  of 
the  wells.  Most  of  the  wells  flow  steadily  during  long 
periods,  some  as  long  as  thirty  years. 

A  peculiar  method  of  storage  has  here  been  adopted, 
depending  upon  the  impervious  quality  of  the  Erie  clay. 
It  consists  of  a  tank,  in  the  earth,  30  feet  in  diameter  and 
from  50  to  60  feet  deep,  having  a  wooden  lining  to  a  depth 
of  30  feet.  The  surface  of  the  tank  below  the  wooden 
casing  is  of  clay,  and  the  capacity  of  the  tank  is  from  5,000 
to  10,000  barrels.  The  total  capacity  of  the  tanks  in  both 
fields  is  1,000,000  barrels.  Oil  is  collected  from  the  indi- 
vidual wells  in  wagon  tanks  and  brought  to  receiving  tanks,- 
from  which  it  is  pumped  to  the  central  stations  near  the 
refineries. 
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Canadian  oil  is  refined  in  the  ordinary  manner.  Much 
gas  is  evolved,  which,  as  usual,  is  serviceable  in  heating  the 
retorts.  In  the  crude  still,  gasoline  and  burning  oil  are 
run  off  to  37°  Beaumc,  and  the  residue  is  then  transferred 
to  the  tar  still,  from  which  heavy  oils  are  distilled  to  30°'5 
Beaum^,  and  the  residue  coked.  The  last  distillate  is  again 
distilled  and  the  residue  coked  as  before.  In  refining, 
much  depends  upon  the  skill  of  the  operator.  With  care- 
ful treatment  and  the  use  of  an  alkaline  solution  of  plumbic 
oxide,  a  burning  oil  of  excellent  quality  is  prepared.  From 
Petrolia  crude  two  per  cent,  of  naphtha  is  obtained,  and 
from  Oil  Springs,  seven  per  cent.  The  yield  of  burning 
oil  from  both  sources  is  forty  three  per  cent.  The  quantity 
of  tar  is  thirty  per  cent,  of  the  crude  oil,  from  which  the 
yield  of  heavy  oils  is  twenty  per  cent.,  with  a  residue  of 
coke  equivalent  to  ten  per  cent. 

The  anticlinal  system  is  well  marked  in  the  Canadian 
fields,  and  is  similar  to  that  of  the  oil-bearing  limestone 
formation  in  Ohio.  The  anticlinals  are  low  terraces,  and 
the  oil  collects  on  the  slopes  toward  the  summit,  where  it  is 
held  under  pressure  by  the  salt  water.  The  variations  in 
the  oil-bearing  strata  have  been  carefully  studied  by  Messrs. 
M.  G.  Woodward  and  F.  J.  Carman,  from  whom  I  obtained 
valuable  information  concerning  this  and  other  features  of 
oil  production  in  the  Canadian  fields. 

At  present  the  main  producing  field  at  Petrolia  is  five 
miles  in  length  and  two  miles  in  maximum  width,  on  an 
anticlinal,  which  takes  the  direction  of  W.N.W.  by  E.S.E. 
Much  prospecting  has  been  carried  on  outside  of  the  pro- 
ducing fields,  and  has  shown  that  the  Corniferous  limestone 
is  reached  at  Petrolia,  at  335  feet.  Sixteen  miles  distant 
from  Petrolia,  at  Sarnia,  in  a  w^est-northwesterly  direction,  it 
descends  to  a  depth  of  503  feet.  East  of  Petrolia  the  stra- 
tum again  dips  to  390  feet,  and  again  rises,  and  at  this 
point  many  attempts,  some  partially  successful,  have  been 
made  to  discover  another  deposit  similar  to  that  at  Petrolia. 
Still  farther  distant,  in  a  southeasterly  direction  from  Geor- 
gian Bay,  the  Corniferous  limestone  outcrops ;  and  still 
farther  away,  the  Trenton  limestone  appears  at  the  surface. 
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The  latter  formation  may  be  reached  beneath  the  Petrolia 
anticlinal  at  a  depth  of  2,000  feet  or  more,  but  it  is  not,  as 
in  Ohio,  an  important  reservoir  of  oil.  Independently  of 
the  main  producing  fields  in  this  section,  much  oil  has  been 
taken  from  "pockets;"  indeed,  the  great  producing  wells 
seem  to  have  derived  their  supply  from  these  sources.  Two 
years  ago,  while  surveying  a  section  just  outside  the  line  of 
productive  territory,  and  partly  surrounded  in  a  semicircle 
by  flowing  wells,  an  oil  man  suggested  the  possibility  that 
a  pocket  might  be  found  in  this  space.  Upon  sinking  a 
well,  oil  was  found  in  quantity,  and  it  proved  to  flow,  as  pre- 
dicted, from  a  pocket  which  has  since  yielded  a  large  supply. 

The  oil  territory  at  Oil  'Springs  is  situated  on  an  anticli- 
nal parallel  to  that  which  supplies  oil  at  Petrolia,  and  ten 
miles  distant.  As  already  explained,  the  oil  rock  is  nearer 
the  surface,  and  in  addition  to  the  great  wells  which  un- 
doubtedly came  from  pockets,  until  recent  years  the  daily 
flow  was  ten  or  fifteen  barrels.  At  present  it  does  not  much 
exceed  the  flow  at  Petrolia  previously  mentioned.  It  has 
been  thought  very  probable  that  the  anticlinal  which  con- 
tains the  Oil  Springs  deposit  encloses  other  deposits,  and, 
consequently,  much  prospecting  has  been  done  along  the 
direction  of  this  anticlinal,  especially  in  the  township  of 
Euphemia,  where  oil  has  been  found  in  limited  amounts,  at 
a  distance  of  twenty  miles  from  Oil  Springs. 

In  studying  the  geology  of  the  sulphur  petroleums,  strik- 
ing differences  are  observed  in  comparing  the  geological  for- 
mations in  different  localities.  While  it  seems  very  proba- 
ble that  the  deposits  of  oil  in  the  Ohio  and  Canadian  terri- 
tory have  been  formed  in  the  limestones  by  the  decomposi- 
tion of  animal  remains,  in  other  localities  sulphur  petro- 
leums are  found  in  rock  formations  essentially  different 
from  the  limestone  deposits.  In  the  volume  of  the  Geo- 
logical Survey  of  Kentucky,  published  in  1891,  Orton  gives 
an  account  of  the  geological  formations  connected  with  the 
oil  deposits  in  that  region.  While  similar  conditions  of 
source,  reservoir  and  cover  are  there  found  with  porosity 
and  the  anticlinal  structure,  a  black  shale  constitutes  the 
rock  in  which  the  oil  is  stored,  placing  the  oil  in  the  Devo- 
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nian  formation  instead  of  in  the  lower  vSilurian,  which  is  the 
horizon  of  the  Ohio  sulphur  oil.  It  is  explained  that  the 
essential  difference  in  the  rock  formations  in  which  oil  is 
stored  is  only  in  degree,  as  is  shown  by  the  wide  distribu- 
tion in  Ohio,  where  there  is  scarcely  a  geological  formation 
that  does  not  contain  oil.  The  different  shales  contain  it  in 
variable  quantities,  but  the  necessary  conditions  of  accumu- 
lation (impenetrable  cover,  etc.)  for  economic  production  are 
wanting. 

In  reviewing  the  distinctive  properties  of  the  limestone 
oils,  as  compared  with  Pennsylvania  oil,  Orton  states  in  this 
report  that  they  are  dark  in  color,  heavy,  with  a  high  spe- 
cific gravity,  and  a  rank  odor  from  the  sulphur  compounds 
they  contain.  In  these  respects  it  is  found  that  the  oils  of 
Canada,  Kentucky  and  Tennessee,  the  new  field  in  North- 
western Ohio,  and  the  oil  of  the  Utica  shale  and  Hudson 
River  group,  in  the  latter  State,  are  similar.  In  accounting 
for  the  storage  in  the  shales,  their  natural  agency  is  based 
upon  their  impervious  quality,  which  prevented  rapid 
decomposition  of  vegetable  matter,  with  the  aid  also  of  the 
affinity  of  the  clay  for  oil. 

A  marked  peculiarity  in  the  geological  formation  con- 
taining deposits  of  sulphur  petroleum  is  found  in  California. 
These  deposits  have  been  carefully  studied  by  Professor  S. 
F.  Peckham  (Geol.  Surv.  of  Cal.,  Vol. .  2,  Appendix).  The 
source  of  the  California  bitumen  is  invariably  a  bluish  slate 
or  shale,  more  or  less  compact,  with  a  variable  mixture  of 
fine  quartz  sand.  There  are  occasionally  outcroppings  of 
bitumen,  but  the  conditions  of  reservoir  and  cover,  which 
have  been  found  essential  in  oil  deposits  where  oil  is  stored 
under  pressure,  here  seem  to  be  largely  or  entirely  wanting, 
with  the  result  that  the  oil  deposits  exert  a  low  pressure  if 
any.  The  oils  obtained  from  these  deposits  are  quite  dif- 
ferent in  their  properties  from  the  Pennsylvania  oils,  and, 
in  fact,  from  any  other  American  oils  that  are  the  source  of 
commercial  products.  Their  specific  gravity  is  very  high 
(o'875-i'653),  and  very  small  quantities  distill  within  the 
limits  of  burning  oil  distillates  ;  in  fact,  without  resorting 
to  cracking,  probably  very  small  quantities  of  illuminating 
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oils  can  be  prepared  from  this  petroleum.  The  percentage 
of  sulphur  is  higher  than  that  of  the  other  sulphur  petro- 
leums, as  well  as  the  percentage  of  nitrogen,  which  varies 
between  0*56  and  ri2.  As  is  pointed  out  in  the  description 
of  this  petroleum,  there  is  strong  evidence  in  favor  of  its 
formation  from  animal  remains.  Certain  constituents  of 
the  crude  oil  are  so  unstable  that  when  exposed  to  the  air 
for  some  time  the  oil  becomes  impregnated  with  maggots. 

A  description  of  the  occurrence  of  petroleum  in  any  par- 
ticular district  can  hardly  be  considered  complete  without 
some  reference  to  the  enormous  deposits  of  oil  at  Baku,  on 
the  shore  of  the  Caspian  Sea.  Although  the  oils  from  this 
region  contain  no  considerable  quantity  of  sulphur,  in  some 
respects  and  with  reference  to  certain  other  constituents, 
the  sulphur  oils  may  be  found  to  resemble  the  Russian 
product.  As  in  other  oil  regions  the  sections  furnishing  oil 
at  Baku  are  quite  limited  in  extent.  The  great  district  of 
Balakhani,  with  an  area  of  from  four  to  five  square  miles, 
is  about  eight  miles  north  of  Baku  on  the  coast ;  and  two 
or  three  miles  south  of  Baku  on  the  seashore  is  another 
very  small  district,  Bibi-Eibat.  Statistical  or  other  reliable 
information  concerning  the  Russian  oil  fields  is  meagre, 
and  the  points  here  presented  are  taken  from  the  report  for 
1886  of  the  United  States  Consul,  J.  C.  Chambers,  at 
Batoum.  According  to  this  report  the  depth  of  the  wells 
varies  between  175  and  1,030  feet. 

The  deepest  well  at  Bibi-Eibat,  700  feet  deep,  produced 
from  30,000  to  40,000  barrels  daily  during  fifteen  days,  after 
which  it  ceased  to  flow.  Very  little  information  is  accessi- 
ble concerning  the  geology  of  the  Baku  district  beyond  the 
fact  that  the  oil  is  derived  from  the  Tertiary  formation. 

FORMATION   OF   PETROLEUM. 

The  formation  of  petroleum  has  received  much  atten- 
tion from  both  the  chemical  and  the  geological  point  of 
view,  and  the  prevailing  theories  have  been  ably  presented 
and  discussed  by  Professor  Orton  in  the  reports  mentioned 
above.  Until  the  discovery  of  great  quantities  of  oil  in  the 
Trenton  limestone,  the  geologists,  in  this  country  at  least, 
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attributed  the  formation  of  petroleum  exclusively  to  the 
decomposition  of  vegetation.  The  early  suggestions  of 
Hunt  that  the  formation  should  be  referred  to  animal  re- 
mains in  the  limestones  of  the  primitive  rocks,  attracted 
little  attention  until  they  received  support  from  recent  dis- 
coveries. Abroad,  the  prevailing  belief  seems  to  have  been 
that  the  formation  of  all  petroleums  should  be  referred  to 
the  decomposition  of  animal  remains.  Credence  is  still 
given  by  some  writers  to  the  theory  of  Mendelejeff  that  all 
petroleums  have  been,  and  are  still,  formed  by  the  action  of 
water  on  iron  or  iron  carbides,  highly  heated  within  the 
earth  ;  but  for  lack  of  proof  and  the  serious  objections  based 
upon  observed  facts,  urged  by  geologists,  this  explana- 
tion is  not  generally  accepted.  At  present  the  data  col- 
lected seem  to  be  insufficient  to  establish  any  particular 
method  of  formation.  Even  if  the  theory  of  animal  origin 
be  accepted  for  the  limestone  oils,  it  cannot  be  asserted 
that  vegetable  remains  may  not  have  been  in  part  instru- 
mental. 

In  1865  Warren  and  Storer  {Mem.  Amer.  Acad.,  N.  5.,  9, 
177)  subjected  a  lime  soap  prepared  from  menhaden  oil  to 
destructive  distillation,  and  obtained  a  hydrocarbon,  naphtha, 
from  which  they  separated  several  series  of  hydrocarbons 
identical  with  those  which  Warren  {Mem.  Amer.  Acad.,  N.  S.,  9, 
156)  had  previously  identified  in  Pennsylvania  petroleum. 
More  recently,  Engler  {Ber.  der  deutsch.  chem.  Gesellsch.,  21, 
1 8 16)  submitted  the  American  menhaden  oil  to  destructive 
distillation  under  high  pressure,  and,  in  the  product  distilled, 
was  able  to  identify  the  constituents  ordinarily  separated 
from  natural  petroleum,  including  naphtha,  the  burning  oil 
hydrocarbons,  and  paraffine.  Engler  therefore  concludes 
that  all  petroleum  has  been  derived  from  the  decomposition 
of  similar  organic  remains  under  the  same  conditions. 
Probably  no  better  summary  of  the  present  state  of  the 
theories  concerning  the  origin  of  petroleum  can  be  given 
than  that  suggested  by  Or  ton  {Geological  Survey  of  Ohio,  Vol. 
VI.,  p.  82). 

(i)  "  Petroleum  is  derived  from  organic  matter. 

(2)  ''  Petroleum  of  the  Pennsylvania  type  is  derived  from 
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the  organic  matter  of  bituminous  shales,  and  is  probably  of 
vegetable  origin. 

(3)  ''Petroleum  of  the  Canada  type  is  derived  from  lime- 
stone and  is  probably  of  animal  origin. 

(4)  "  Petroleum  has  been  produced  at  normal  rock  tem- 
peratures (in  American  fields),  and  is  not  a  product  of  de- 
structive distillation  of  bituminous  shales. 

(5)  "  The  stock  of  petroleum  in  the  rock  is  already  prac- 
tically complete." 

CHEMICAL   COMPOSITION    OF    PETROLEUM. 

Although  various  attempts  had  previously  been  made  to 
separate  the  constituents  of  petroleum,  the  first  systematic 
examination  was  undertaken  in  1862  by  Pelouze  and 
Cahours  {Compt.  Rend.  64,  1241  ;  56,  505;  57,  62),  who 
identified  the  presence  of  the  series  of  hydrocarbons 
CnH2n  +  2>  beginning  with  butane,  boiling  at  0°.  From  their 
results,  Pelouze  and  Cahours  assumed  that  the  heavier  oils 
and  paraffine  have  the  same  composition  as  the  hydrocar- 
bons of  lower  boiling  points,  and,  as  a  generic  term  for  the 
series,  Watt  suggested  the  name  paraffine  hydrocarbons,  by 
which  these  constituents  of  petroleum  have  since  been 
known  in  chemical  literature.  Members  of  the  same  series 
were  observed  by  Schorlemmer  {Journ.  Chein.  Soc,  1862,  419), 
in  a  product  distilled  from  cannel  coal ;  and  in  a  distillation 
of  American  petroleum,  Schorlemmer  obtained  other  mem- 
bers of  the  series  that  had  been  overlooked  by  Pelouze  and 
Cahours.  C.  M.  Warren  (J/^?;/.  Amer.  Acad.,  N.  S.,  9,  156; 
Proc.  Amer.  Acad.  27,  56)  undertook  a  more  thorough  in- 
vestigation of  Pennsylvania  petroleum,  conducting  the  sep- 
arations in  a  fractional  condenser  which  he  had  devised 
especially  for  such  distillations.  In  a  long  course  of  distil- 
lations, Warren  separated  two  series  of  hydrocarbons,  be- 
ginning with  butane,  with  an  homologous  difference  in 
boiling  points  for  CH2  of  30°,  and  with  a  difference  in  boil- 
ing points  between  the  members  of  one  series  and  the 
isomeric  members  of  the  other,  of  a  little  less  than  8°.  One 
of  the  series,  CnH2n  +  2,  identified  by  Warren,  terminates  at 
I27°*8,  the  other  at  150°.     The  fractions  of  higher  boiling 
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points  were  found  to  contain  members  of  the  series  C„H2n- 
The  results  of  Warren  indicated,  in  the  distillates  above 
150°,  the  absence  of  members  of  the  series  CnH2„  +  2»  not- 
withstanding the  assertions  of  Pelouze  and  Cahours,  that 
distillates  from  these  portions  of  petroleum  have  the  com- 
position homologous  with  marsh  gas.  In  the  earlier  exam- 
inations of  American  petroleum  by  Pelouze  and  Cahours 
and  by  vSchorlemmer,  it  is  somewhat  uncertain  to  what  ex- 
tent {Pennsylvania  crude  oil  was  employed,  and  to  what 
extent  Canadian  oil,  since  in  allusions  to  the  crude  pro- 
duct American  petroleum  is  mentioned,  with  occasional 
reference  to  Pennsylvania  or  to  Canada  as  the  particular 
source. 

The  presence  of  aromatic  hydrocarbons  in  American 
petroleum  was  first  established  in  1856,  by  Schorlemmer, 
who  identified  benzol  and  toluol  in  a  distillate  collected 
below  150°  from  Canadian  petroleum,  by  treating  this 
portion  of  the  oil  with  nitric  acid,  reducing  with  tin  and 
hydrochloric  acid  and  distilling  with  sodic  hydrate.  The 
oil  distilled  had  the  odor  of  aniline  and  gave  the  rosani- 
line  reaction  with  bleaching  powder.  The  distillate 
between  150°  and  170°  gave  a  mixture  of  liquid  and 
solid  nitro-products,  and  the  solid  portion  was  recog- 
nized as  trinitrocumol.  Benzol  and  its  homologues  have 
since  been  found  in  Pennsylvania  petroleum  by  several 
chemists.  Petrocene  was  investigated  by  Sadtler  {Ainer. 
Chem.  Journ.,  1,  30).  From  American  kerosene,  in  a  por- 
tion distilling  at  i/o^-iqo^,  Engler  {Ber.  der  deutsch.  chem. 
Gesellsch.,  18,  2234)  separated  pseudocumol  and  mesitylene, 
by  the  formation  of  nitro-compounds,  and  he  estimated  that 
the  quantity  present  in  crude  Pennsylvania  oil  is  equiva- 
lent to  0'2  per  cent.  Engler  also  identified  these  hydrocar- 
bons in  German,  Galician,  Italian  and  Russian  petroleum  ; 
in  the  latter,  to  the  extent  of  o.i  per  cent.  After  ascer- 
taining in  the  petroleum  of  the  Central  Caucasus  the  pres- 
ence of  hexahydro-derivatives  of  the  aromatic  series,  Beil- 
stein  and  Kurbatoff  {Ber.  der  deutsch.  chem.  Gesellsch.,  13,  2028) 
examined  American  ligroin  for  the  same  hydrocarbons,  but 
succeeded  in  identifying  only  hexahydroisoxylol.  No  at- 
VoL.  CXXXIX.     No.  834.  27 
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tempts  were  made  to  ascertain  the  presence  of  the  higher 
homologues. 

The  petroleum  from  various  localities  in  the  Caucasus 
has  been  quite  thoroughly  investigated  by  Russian  chemists, 
and  it  has  been  found  to  differ  in  its  composition  very  essen- 
tially from  Pennsylvania  oil.  It  is  held  by  Mendelejeff, 
Engler  and  others,  that  none  of  the  petroleums,  so  far  as 
they  have  been  examined,  differ  essentially  with  respect  to 
their  components  ;  but  that  the  observed  variation  in  the 
qualities  of  different  oils  depends  rather  upon  a  varia- 
tion in  proportions.  This  difference  in  proportions,  how- 
ever, is  so  marked,  that  in  certain  oils  some  of  the  con- 
stituents constitute  nearly  the  whole  body  of  the  oil,  with 
others  present  only  in  minute  quantities,  in  comparison 
with  other  oils,  in  which  the  former  constituents  are  almost 
entirely  absent,  the  great  body  of  the  oil  consisting  of 
substances  nearly  wanting  in  the  first.  The  thorough 
investigations  on  the  composition  of  the  Caucasus  petro- 
leum by  Markownikoff  and  Ogloblin  (Ann.  Chim.  Phys.,  VI, 
2,  372)  proved  the  presence,  in  oil  from  Baku,  of  benzol, 
toluol,  iso-xylol,  pseudocumol,  mesitylene,  iso-durol,  durol 
and  higher  hydrocarbons  with  their  structure  not  yet  deter- 
mined, C„Hi4,  CnHi2,  C12H14,  and  CigH^^,  with  indications  of  the 
homologues  of  styrol  and  phenylacetylene.  The  results  of 
Beilstein  and  Kurbatoff  indicate  the  presence  in  the  petro- 
leum from  the  Central  Caucasus,  of  members  of  the  series, 
CnHgn  +  2>  with  benzol  and  toluol,  and  that  the  oil  from  the 
coast  of  the  Caspian  Sea  consists  mainly  of  the  homologues  of 
hexahydrobenzol.  In  the  oil  from  the  Balechene  plain  on 
the  Apscheron  peninsula,  Markownikoff'  and  Ogloblin 
found  large  quantities  of  the  aromatic  hydrocarbons ;  but  in 
oil  from  the  Central  Caucasus  they  found  naphtenes  to  the 
extent  of  eighty  per  cent,  of  the  crude  oil,  and  the  aromatic 
hydrocarbons  to  the  extent  of  ten  per  cent.  At  first,  Mar- 
kownikoff looked  upon  the  naphtenes  as  isomeric  with  the 
hexahydro-compounds  ;  but  later  Markownikoff  and  Spady 
{Ber.j  20,  1850)  appeared  to  accept  the  identity  of  octo- 
naphtene  and  hexahydroisoxylol.  Markownikoff  and  Oglo- 
blin   proved    also    the    presence    of    hexahydromesitylene. 
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besides  other  oils  with  the  composition  CgHig  and  the 
members  intermediate  to  C,5H3y. 

Benzol  and  its  homologues  were  identified  in  Hanover 
petroleum  by  Bussenius  and  Einstiick  {Ann.  Chevi.  und 
Pliarm.,  113,  167),  and  by  Ulsmann  {Ann.  CJiem.  und  Pharm., 
114,  279).  In  petroleum,  from  Boryslaw,  in  Galicia,  Lacho- 
wicz  [Ann.  Chc7n.  PJiarm.,  220,  187)  found  benzol,  toluol,  iso- 
xylol  and  mesitylene ;  but  of  the  hexahydro  series,  only 
hexahydroisoxylol.  Pawlewski  {Ber.  der  dcntscJi.  chew.  Gc- 
sellsch.,  18,  19 1 5)  found  in  Galician  petroleum  two  per  cent, 
of  aromatic  hydrocarbons,  chiefly  benzol  and  /-xylol,  the 
latter  recognized  for  the  first  time  in  any  peti>oleum. 
Naphthalene,  anthracene,  their  homologues  and  other  allied 
hydrocarbons,  have  been  reported  from  various  sources. 

Concerning  the  presence  of  unsaturated  hydrocarbons 
in  crude  petroleum,  there  seems  to  be  a  wide  difference  of 
opinion.  Some  investigators  have  doubted  the  existence 
in  crude  oil  of  these  bodies,  and  where  they  have  been 
found  in  distillates  it  has  been  assumed  that  they  have 
resulted  from  decomposition  by  distillation.  In  the  lower 
fractions  of  Galician  oil,  Lachowicz  obtained  no  reaction 
with  bromine,  even  after  long  standing.  Above  200"^,  the 
presence  of  unsaturated  hydrocarbons,  indicated  by  the 
ready  absorption  of  bromine,  was  attributed  to  decomposi- 
tion. On  the  other  hand,  Engler  states  that  petroleum  from 
Elsass  (Pechelbronn),  Oelheim  (Hanover),  Tegernsee,  Penn- 
sylvania, Galicia  and  Baku,  contains  members  of  the  series, 
CnHgn  +  2j  and  the  series  CnH^n,  both  unsaturated  hydrocar- 
bons and  naphtenes.  Markownikoff  and  Ogloblin  {Ber., 
16,  1873)  allude  to  the  presence  of  unsaturated  aromatic 
hydrocarbons  in  the  oil  from  Baku. 

Before  the  discovery,  by  Wreden,  of  the  hexahydro- 
^romatic  compounds,  Warren  separated  from  Pennsylvania 
petroleum  a  series  of  hydrocarbons  ChHoq,  which  were 
probably  of  the  same  series.  It  now  seems  probable  that 
the  constituents  of  Pennsylvania  petroleum  above  150°, 
assigned  by  Pelouze  and  Cahours  to  the  series  CnH2n  +  2^ 
really  belong  to  another  series. 

It  has  long  been  known  that  analyses  of  crude  petroleum 
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have  shown  less  than  lOO  per  cent,  of  carbon  and  hydrogen, 
and  the  deficiency  has  been  attributed  to  the  presence  of 
oxygen.  The  first  attempt  to  separate  oxygen  compounds 
from  crude  petroleum  was  made  in  1874,  by  Hell  and  Med- 
inger  (i>Vr.,  7,  12 16),  who  agitated  crude  petroleum  with  a 
solution  of  sodic  hydrate  and  then  added  sulphuric  acid  in 
excess  to  the  alkaline  solution.  The  oil  which  separated 
was  distilled  and  converted  into  a  methyl  ether;  by 
saponification  of  this  ether  an  acid  was  obtained,  to  which 
was  assigned  the  provisional  formula  CnHgo-  Aschan  {Ber., 
23,  ^^(^7  \  24,  1864;  25,  3661)  obtained  a  mixture  of  acids 
by  the  addition  of  sulphuric  acid  to  the  sodic  hydrate 
solution  used  in  the  refining  of  Baku  oil ;  one  acid,  CgHi^Oa, 
was  obtained,  that  distilled  at  237-239° ;  and  another, 
CgHigO.,  that  distilled  at  251-253°.  Aschan  called  the  first 
acid  octonaphtenecarboxylic  acid ;  by  distillation  with  hy- 
driodic  acid  it  was  converted  into  hexahydroxylol.  By 
similar  methods  Zaloziecki  {Ber.,  24,  796,  1808)  separated 
oxygen  compounds  from  petroleum,  which  were  readily 
oxidized  to  acids  when  exposed  to  the  air.  For  one  of  these 
bodies,  assuming  it  to  be  a  lacto-alcohol,  Zaloziecki  sug- 
gested the  formula 

CH2  CH2 

^CH  —  (CH2),  —  CH  /        ^CHOH 

CH2  O 

and  to  the  hydrocarbon  obtained  by  distillation,  he  gave  the 
formula 

CH2  CH 

NcH  — (CH2),— ch/ 

CH2  CH 

Engler  asserts  that  the  acids  separated  by  this  method 
are  oxidation  products  of  other  constituents  of  the  crude 
oil.  Markownikoff  and  Ogloblin  stated  that  the  distillate 
75°-85°,  from  Caucasus  oil,  contained  0*76  per  cent,  of  oxygen 
compounds,  and  the  fraction  220^-230°,  5-21  per  cent.  The 
oxygen  compounds  are  in  part  acid,  in  part  neutral,  and  in 
part  phenol.     The  acids  CioHc,COOH  and  C„HiiCOOH  were 
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obtained  as  colorless  oils  {Ber.,  16,  1878).  Markownikoff 
and  Ogloblin  regarded  these  substances  as  naphtenecar- 
boxylic  acids.  Sainte-Claire  Deville  {Comptes  Rendns,  66, 
442:  68,  485;  69,  1007),  showed  that  the  percentage  of 
oxygen  in  oils  from  different  localities  varies  between  2'\ 
per  cent,  in  the  Canadian  petroleums,  and  5*6  per  cent,  in 
the  oil  from  Zante. 

Most  of  the  petroleums  contain  nitrogen,  usually  in 
minute  quantities.  Beilby  {Jour.  Soc.  Cheiii.  Ind.,  10,  120) 
found  0'o8  per  cent,  of  nitrogen  in  the  residuum  from  Penn- 
sylvania oil,  and  o'ly  per  cent,  in  the  coke,  which  corre- 
sponds to  O'OoS  per  cent,  of  the  crude  oil ;  crude  Russian 
oil  gave  '05  per  cent,  of  nitrogen.  In  examining  oils  from 
different  localities  for  nitrogen,  Peckham  (Geol.  vSurvey  of 
Cal.,  vol.  ii,  Appendix)  found  in  petroleum  from  West  Vir- 
ginia, 0'54  per  cent.;  in  Mecca  oil,  0*23  per  cent.;  and  in 
California  oil,  from  0'56  to  ri  per  cent.  In  Egyptian  oil, 
Kast  and  Kunkler  {Chem.  Centralbl.,  1890,  932)  found  0-3  per 
cent,  of  nitrogen,  r2i  per  cent,  of  sulphur  and  0*2  per  cent, 
of  oxygen.  Certain  alkaloid  bases  were  detected  in  paraf- 
fine  oils  by  Weller  {Ber.,  20,  2097),  and  Bandrowski  [Mojiats- 
hefte  fur  Chem.,  8,  224),  by  agitating  Galician  oil  during 
several  weeks  with  sulphuric  acid,  obtained  a  substance 
containing  nitrogen.  This  substance  solidified  at  20°,  and 
it  formed  a  platinum  salt  containing  197  per  cent,  of  plati- 
num. Zaloziecki  {Monats hefte  fur  Che7n.,13f  498)  neutralized 
a  sulphuric  acid  extract  from  the  refining  of  a  petroleum 
distillate  with  calcic  hydrate,  and  distilled  with  steam.  The 
oily  distillate  contained  nitrogen,  and  it  formed  a  platoso- 
chloride  whose  percentage  composition  corresponded  to  that 
of  tetrahydrocorridine 


or  to  the  formula 


(C10H19NCI),  PtCL , 


(C,oH,iNCl)2PtCl2; 


another  insoluble  platoso-compound  was  obtained,  to  which 
was  assigned  either  the  formula 

(QoHisNCl)  PtCl,,  or  (CioH,,NCl)o  PtCl2. 


422  Chemical  Section.  [J.  F.  I., 

Soon  after  the  discovery  of  the  Ohio  sulphur  petroleum, 
in  a  technical  examination  of  crude  oil  which  I  was  called 
upon  to  make,  I  observed  that  it  contained  an  unusually 
large  amount  of  sulphur.  An  examination  of  the  crude  oil 
was  soon  undertaken,  with  particular  reference  to  the 
sulphur  compounds,  and  there  was  finally  separated  an 
homologous  series  of  sulphides  (CnH2n  +  i)2S,  including 
methyl-,  ethyl-,  propyl-,  butyl-,  isobutyl-,  pentyl-,  ethyl- 
pentyl-,  hexyl-,  with  higher  distillates  containing  sulphur 
compounds  not  yet  identified  (Mabery  and  Smith,  Proc.  Amer. 
Acad.,  24,  218  ;  Amer.  Chein.  Journ.,  16,  83).  Large  quanti- 
ties of  distillates  have  been  collected  after  long  distillation 
in  vacuo,  which  have  proved  to  be  mixtures  of  sulphur 
compounds,  unsaturated  hydrocarbons  CnHon,  and  appar- 
ently saturated  hydrocarbons,  either  of  the  series  CnH2n  +  2> 
or  of  the  series  of   hexahydro-aromatic  compounds  CnH2Q. 

The  sulphur  compounds  in  Canadian  oil  have  received 
some  attention  (preliminary  examination,  Mabery,  Amer. 
Ckem.  Journ.,  16,  89).  Several  members  of  the  series 
(CnH2n  +  i)2S  havc  been  recognized  since  that  publication, 
with  evidence  of  sulphides  of  another  series.  The  separ- 
ation of  the  sulphur  compounds  from  the  distillates  is 
extremely  tedious,  even  after  a  long-continued  fractional 
separation  of  the  sulphur  oil.  The  sole  method  available, 
so  far  as  we  have  proceeded,  includes  precipitation  with 
alcoholic  mercuric  chloride  and  decomposition  with  hydric 
sulphide  in  the  presence  of  alcohol.  The  product  is  a  mix- 
ture, the  constituents  of  which  must  be  separated  by  pro- 
longed fractional  distillation. 

The  peculiar  character  of  the  distillates  was  observed 
while  studying  the  sulphur  compounds,  and,  as  the  Ohio 
petroleum  had  never  been  submitted  to  chemical  exami- 
nation, and  the  Canadian  oil  to  only  partial  study,  both 
products  invited  further  attention.  On  account  of  the 
tendency  to  decomposition  manifested  by  other  constitu- 
ents of  the  crude  oils  than  the  sulphur  compounds,  it  was 
evident  that  these  bodies  could  not  be  separated  by  the 
ordinary  process  of  distillation  without  such  serious  decom- 
position as  to  render  the  results  of  little  value.     When  dis- 
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tilled  in  contact  with  the  air  all  distillates,  except  the  most 
volatile,  were  highly  colored.  Attempts  were  therefore  made 
to  avoid  decomposition  so  far  as  possible  by  the  exclusion  of 
air,  and  by  conducting  the  distillations  under  reduced 
temperatures.  In  order,  furthermore,  to  be  sure  that  the 
distillates  should  represent  as  nearly  as  possible  the  original 
constituents,  we  started  with  crude  oils  instead  of  refinery 
distillates.  In  certain  portions  of  our  work  connected  with 
the  separation  of  constituents  that  are  present  in  minute 
quantities,  requiring  large  quantities  of  material,  we  have 
used  crude  distillates  as  the  starting  point ;  but  these  dis- 
tillates were  not  treated  with  reagents  before  we  received 
them. 

The  distillation  of  considerable  quantities  of  crude  oil 
in  vac7w  involved  certain  difficulties  which  we  were  long  in 
overcoming.  Metallic  stills  could  not  be  used,  and  glass 
was  unsafe  with  large  quantities  of  oil.  Only  earthenware 
and  porcelain  remained,  and  we  have  found  it  difficult  to 
procure  earthenware  that  would  support  a  vacuum.  Certain 
English  and  German  stills  of  limited  capacity  have  been 
found  serviceable,  but  the  stills  which  are  perfectly  satis- 
factory for  such  work  are  those  manufactured  in  the  Royal 
Berlin  porcelain  factory.  One  of  these  stills,  with  a  capacity 
of  fifteen  liters,  has  been  in  use  almost  continuously  during 
several  months,  and  it  has  apparently  suffered  no  deteriora- 
tion. 

In  maintaining  a  vacuum  for  the  continuous  distillation 
of  petroleums,  especially  those  containing  considerable 
quantities  of  sulphur  compounds,  rubber  corks  cannot  be 
used  in  making  connections,  on  account  of  softening  action 
of  the  oil  on  the  rubber.  It  is  nearly  impossible  to  select 
common  corks  sufficiently  free  from  imperfections  ;  but  it 
was  found  that  common  corks  could  be  treated  with  a  rub- 
ber lute  in  such  a  manner  as  to  make  them  air-tight.  This 
lute  is  best  made  by  dissolving  pure  caoutchouc  in  very 
light  gasoline,  which  readily  evaporates,  leaving  a  thin, 
strong  film  of  rubber.  When  this  lute  is  applied  to  joints 
of  the  apparatus,  during  the  formation  of  a  vacuum,  the  film 
of  rubber  is  drawn  into  the  joints  and  pores  of  the  corks, 
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thus  sealing-  them  permanently,  and  with  an  occasional 
application  of  the  lute  there  is  no  difficulty  in  maintaining- 
any  desired  vacuum. 

In  prolonged  distillation  it  is  important  to  regulate  the 
tension,  so  that  it  shall  be  constant  during  the  collection  of 
all  distillates.  For  this  purpose  a  special  form  of  regulator 
was  devised,  depending  upon  the  introduction  of  air  away  from 
the  still,  through  a  glass  stopcock,  by  means  of  a  long  lever. 
By  this  means  it  has  been  found  possible  to  control  the 
vacuum  at  any  desired  point  with  very  little  attention.  The 
difference  in  boiling  points  in  vacuum  distillation  varies 
between  6o°--65°  for  the  lower  constituents,  and  100^-125° 
for  portions  distilling  at  300^-350°.  Vacuum  distillation 
prevents  serious  decomposition  even  of  the  highest  distil- 
lates. We  have  carried  the  temperature  to  375°,  and  this  is 
as  far  as  distillation  is  possible  with  ordinary  connections. 
The  residue  above  this  point  is  a  thick  oil,  apparently  un- 
decomposed ;  cracking  is  easily  observed,  since  it  immedi- 
ately destroys  the  vacuum.  For  further  distillation  of  this 
residual  oil  an  apparatus  must  be  devised  to  avoid  the  use 
of  any  connections  other  than  glass  or  porcelain. 

We  have  undertaken  an  examination  of  Ohio  and  Cana- 
dian petroleum  with  reference  to  the  various  series  of  hydro- 
carbons, the  nitrogen  compounds,  the  oxygen  compounds 
and  the  sulphur  compounds.  This  paper  gives  an  account 
of  results  obtained  in  an  examination  of  distillates  collected 
below  150  atmospheric  pressure. 

\_To  be  concluded.'] 
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The  NICARAGUA  CANAL.* 


By  G.  W.  Sherwood,  Civil  Engineer. 


Mr.  Manson's  able  and  comprehensive  paperf  leaves  little 
to  be  said  with  regard  to  the  historical  and  economic  feat- 
ures of  the  subject,  and  I  desire  here  to  express  my  un- 
qualified approval  of  his  opinions  with  regard  to  strict  and 
exclusive  governmental  construction  and  ownership  of  the 
canal. 

The  plans  for  the  construction  of  the  canal  have  been 
chiefly  evolved  from  the  information  obtained  from  surveys 
made  under  the  direction  of  Chief  Engineer  Menocal  since 
1887,  except  with  regard  to  the  river  division  from  Ochoa  to 
Lake  Nicaragua,  which  I  believe  are  based  upon  older 
surveys. 

In  1889,  the  plans  were  submitted  to  a  Board  of  Consult- 
ing Engineers,  which  submitted  a  report,  in  May  of  that 
year.  This  report  was  published  in  Engineering  News  of 
December  15,  1892,  and  furnishes  an  authoritative  exposi- 
tion of  the  plans  and  estimates. 

Quoting  from  this  report :  "  The  project  in  detail  con- 
sists of  the  following  elements  : 

"(i)  Of  10  miles  on  the  east,  and  0*57  miles  on  the  west 
end,  of  sea  level  canal  dredged  in  from  the  coast. 

'*  (2)  Of  a  flight  of  three  locks  on  each  end,  all  within  a 
distance  of  about  one  and  one-half  miles  at  one  end,  and  of 
two  miles  at  the  other,  by  which  the  ascent  is  made  from 
the  sea  level  to  the  summit  of  level  of  no  feet  (this  eleva- 
tion being  some  four  feet  less  on  the  eastern  end,  to  allow 
for  a  necessary  fall  of  three-fourths  of  an  inch  per  mile  in 
the  San  Juan  River).  These  locks  are  shown  by  the  bor- 
ings submitted  to  be  all  founded  on  rock.     The  proposed 

*  Abstract  of  a  paper  read  before  the  Technical  Society  of  the  Pacific 
Coast,  June  i,  1894,  and  revised  by  the  author  for  publication  in  the  Journal 
of  the  Franklin  Institute. 

t  Vide,  Transactions  Tech.  Soc.  Pac.  Coast,  July,  1893. 
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size  for  locks,  650  feet  by  70  feet  by  30  feet  deep,  seems  suf- 
ficient for  all  demands. 

"(3)  Of  a  very  long  summit  level  of  i55'98  miles,  con- 
sisting of  four  main  parts  : 

"  (a)  The  great  divide  cuts  of  three  and  eight  miles  in 
length,  respectively,  which  are  shown,  by  the  evidence  sub- 
mitted, to  consist  chiefly  of  rock,  overlaid  with  a  few  feet 
of  earth. 

"(^)  The  Deseado,  vSan  Francisco,  Machado  and  Tola 
basins,  formed  by  dams,  furnishing  21-57  miles  of  slack 
water  navigation,  18*13  tniles  of  which  require  no  excava- 
tion, and  the  remaining  3*44  miles  earth  dredging  only. 

'*  (c)  The  River  San  Juan,  raised  in  level  by  a  dam  at 
Ochoa,  so  as  to  furnish  slack  water  navigation,  and  Lake 
Nicaragua,  furnish  together  121  miles  of  free  navigation,  of 
which  36'5  miles  require  some  earth  dredging,  and  3 '83 
miles  some  rock  dredging. 

"  (d)  An  inconsiderable  amount  (1*63  miles)  of  canal  sec- 
tion in  earth,  chiefly  to  connect  the  San  Francisco  and 
Machado  basins." 

There  is  evidently  an  error  under  the  second  heading,  as 
the  necessary  elevation  would  not  be  attained  by  three 
locks  thirty  feet  deep. 

From  another  source,  the  information  is  obtained  that 
Locks  I,  2  and  3  on  the  east  are  to  have  a  lift  of  30,  31  and 
45  feet,  respectively ;  Locks  3  and  4,  42-5  feet  each,  and 
Lock  6,  a  maximum  lift  of  29  feet  at  low  tide. 

In  addition,  the  harbor  at  Greytown  must  be  reopened ; 
and  a  harbor  constructed  at  Brito,  the  western  terminus, 
which  is,  at  present,  an  open,  unprotected  roadstead. 

The  work  of  construction  was  begun  in  1889,  by  the 
Nicaragua  Canal  Construction  Company,  under  contract 
with  the  Maritime  Canal  Company,  and  their  efforts  have 
been  directed  chiefly  toward  reopening  the  harbor  at  Grey- 
town.  In  1889,  the  opening  from  the  harbor  to  the  sea  had 
become  entirely  closed,  and  the  only  access  to  the  lagoon 
was  through  the  mouth  of  the  Rio  Colorado,  twenty  miles 
below,  and  an  inside  channel.  A  strong  current  setting 
westward  along  the  coast,  laden  with   silt   from   the    Rio 
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Colorado,  and  assisted  by  the  prevailing  winds  and  heavy 
surf,  is  believed  to  have  been  the  most  active  agent  in  clos- 
ing the  entrance.  In  December,  1889,  the  construction  of  a 
jetty,  to  the  eastward  and  windward  of  the  old  entrance, 
was  begun  ;  and  it  was  gradually  extended,  until  it  is  now 
reported  to  be  about  1,000  feet  in  length.  The  jetty  is  14 
feet  in  width,  built  of  creosoted  piles,  in  bents  of  twelve 
piles,  eight  feet  apart,  with  14-inch  by  14-inch  caps,  and 
strongly  braced.  The  spaces  between  the  bents  on  each 
side  are  filled  with  a  row  of  piles,  driven  close  together. 
Brush  matresses,  laden  with  rock,  were  sunk  in  the  interior, 
which  soon  became  filled  solid  with  sand.  All  the  piles  and 
timber  for  this  structure  were  imported  from  North  Caro- 
lina. The  creosoted  piles  have,  I  believe,  been  found  to 
resist  the  action  of  teredo  very  well. 

With  this  assistance  the  channel  again  broke  through, 
and  gradually  deepened  to  about  six  feet  on  the  bar  in  June, 
1890,  since  which  time  it  has  been  used  entirely  in  the  com- 
merce of  the  port. 

It  was  confidently  predicted  that,  with  the  aid  of  the 
dredges  which  were  purchased  from  the  Panama  plant,  a 
depth  of  at  least  twelve  feet  would  be  readily  obtained  in 
the  channel,  but  the  beneficial  effect  of  the  jetty  appeared 
to  cease  when  a  depth  of  between  six  and  eight  feet  was 
obtained,  and  the  dredges  were  found  to  be  unable  to  work 
in  the  heavy  surf. 

The  plans  for  the  future,  it  is  reported,  contemplate  the 
construction  of  a  jetty  on  the  other  side  of  the  entrance,  and 
the  digging  out  of  the  channel  by  dredges  suited  to  the 
work.  The  success  of  this  portion  of  the  work  does  not 
appear  doubtful,  but  will  probably  prove  very  costly,  and, 
perhaps,  entail  a  heavy  expenditure  for  maintenance.  The 
conditions  affecting  the  work  are  the  strong  current  before 
mentioned,  rapidly  filling  the  angles  between  the  existing 
jetty  and  the  shore,  a  very  small  rise  of  tide,  not  more  than 
eighteen  inches  at  most,  with  a  small  area  of  tidal  basin, 
and,  during  the  greater  part  of  the  time,  a  rough  sea  and 
heavy  surf. 

It  is  unlikely  that  any  difficulty  will  be  found  in  excavat- 
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ingr  the  sea-level  portions  of  the  canal.  This  can  be  done 
with  the  dredges  alone,  as  has  been  proved  at  Panama,  and 
its  cost  narrowly  approximated.  A  section  about  a  mile  in 
length  and  sixteen  feet  deep  has  been  already  completed 
without  difficulty. 

The  locks  on  the  eastern  side  have,  I  believe,  been  relo- 
cated since  the  report  of  the  Board  of  Consulting  Engineers 
was  made,  and  I  understand  that  a  rock  foundation  is  not 
obtainable  for  them.  The  borings  show  strata  of  clay  and 
gravel  with  boulders,  but  no  rock  is  found  at  a  practicable 
depth.  The  great  rise  of  Lock  No.  3,  forty-five  feet,  more 
than  three  times  as  great  as  any  now  in  existence,  would 
seem  to  place  it  in  the  category  of  experiments.  But,  per- 
haps, the  mechanical  resources  of  the  age  will  be  equal  to 
the  emergency.     The  locks  will  be  built  of  concrete. 

The  great  divide  cuts  contain  the  bulk  of  the  material  to 
be  moved,  other  than  that  to  be  excavated  by  the  dredges, 
and  it  is  chiefly  rock.  This  is  a  favorable  condition,  as 
steeper  slopes  will  be  permissible,  and  this  material  will, 
perhaps,  be  more  easy  to  move  than  the  heavy  clay  which 
is  found  thereabouts,  owing  to  the  enormous  and  constant 
rainfall  of  that  region. 

The  most  daring  and  dangerous  feature  of  the  plans  for 
the  canal  is  found  in  the  great  basins ;  and  to  withdraw 
from  obscurity  the  facts  concerning  the  difficulties  that 
beset  the  work  of  constructing  them,  is  the  writer's  excuse 
for  venturing  upon  this  well-worn  subject. 

The  Cano  Deseado  on  the  east,  and  the  Limpio,  a  branch 
of  the  Cano  Chanchos,  on  the  west,  head  nearly  together 
on  opposite  sides  of  the  pass  that  is  to  be  utilized  for  the 
Eastern  Divide  cut.  To  form  the  basin  of  the  Deseado,  a 
dam,  1,050  feet  long  and  70  feet  high,  must  be  built  across 
its  valley  at  Lock  No.  3.  In  addition,  gaps  in  the  surround- 
ing ridges,  aggregating  over  a  mile  in  length,  must  be  filled 
with  embankments  of  varying  height. 

From  the  other,  or  western,  side  of  the  divide,  a  low 
ridge  extends  to  Ochoa,  a  profile  of  which  may  be  found  in 
the  supplement  to  Engineering  News  of  September  14,  1889. 
It  is  Profile  "  D."     By  filling  the  gaps  in  this  ridge,  the  San 
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Francisco  basin  will  be  formed.  This  ridge  is  cut  by  three 
considerable  streams,  the  Chanchos,  the  vSan  Francisco  and 
the  Peary,  flowing  southward  into  the  wSan  Juan ;  and 
there  are  many  other  gaps  in  the  ridge  falling  below  the 
elevation  of  the  summit  level,  so  that  the  dams  necessary 
to  fill  the  depressions  in  this  natural  embankment  aggregate 
nearly  eight  miles. 

The  Machado  Basin,  to  be  made  by  a  dam  across  the 
San  Juan  at  Ochoa,  occupies  the  valley  of  the  Cano  Ma- 
chado, which  is  separated  from  the  valley  of  the  Rio  Peary 
by  a  narrow  ridge.  The  dam  across  the  San  Juan  at  Ochoa 
is  projected  to  be  "  1,250  feet  long,  with  abutments  of  650 
feet,  and  61  feet  high." 

The  valleys  of  the  three  streams  above  mentioned  are 
each  about  one-fourth  of  a  mile  in  width,  and,  where  the 
embankment  line  crosses,  have  an  elevation  of  about  50 
feet  above  sea-level.  This  will  necessitate  dams  at  least 
60  feet  in  height.  There  are  several  other  depressions  of 
equal  depth  from  300  to  600  feet  wide.  The  remaining  gaps 
will  require  embankments  of  varying  height.  The  borings 
reveal  that  the  alluvial  deposit  of  the  valleys  is  underlaid 
by  clay,  but  no  underlying  strata  of  rock  have  anywhere 
been  found. 

The  embankment  line  crosses  the  Rio  Pear}^  where  it 
issues  from  a  large  morass  known  as  the  Florida  Lagoon. 
The  surveying  parties  were  accustomed  to  cross  the  marshy 
places  near  the  river  by  bending  over  the  tall  grass  and 
walking  upon  it ;  and  upon  the  site  of  the  proposed  dam  at 
this  point,  a'pole  has  been  pushed  down  forty-five  feet  by 
the  mere  pressure  of  the  hand. 

The  plans  for  the  construction  of  these  dams  contem- 
plate the  building  of  a  double-track  railroad  along  the  em- 
iDankment  line,  at  the  level  of  the  top  of  the  embankments, 
from  the  divide  cut  westward  to  Ochoa,  and  across  the 
river;  and  eastward,  to  the  Deseado  embankments.  The 
dams  are  to  be  built  of  loose  rock  brought  from  the  divide 
cut  by  this  railroad.  The  dams  in  the  larger  depressions, 
according  to  published  reports,  are  to  have  a  base  of  500 
feet  and  a  width  of  25  feet  or  more  on  top. 
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The  Board  of  Consulting  Engineers  has  stated  in  their 
report,  with  regard  to  this  feature  of  the  plans,  as  follows : 

"There  is  the  possible  hazard,  in  respect  to  the  San 
Francisco  and  other  basins,  that  they  may  not  prove  suf- 
ficiently retentive,  owing  either  to  leakage  around  the  ends, 
or  under  the  bases  of  the  dams  and  embankments,  or  to 
concealed  permeable  strata  beneath  the  natural  surface. 
We  deem  this  a  remote  danger,  since  both  the  surface  and 
subterranean  formations,  so  far  as  revealed  by  borings  and 
by  the  reports  of  the  observations  of  reliable  men,  familiar 
with  the  locality,  are  favorable. 

"  For  a  work  of  ordinary  magnitude,  we  would  accept 
such  evidence  as  ample ;  but,  in  view  of  the  great  area  and 
volume  of  the  basins,  we  agree  that  the  possibility  ought 
to  be  covered  by  the  estimate.  The  probability  is  great 
that  there  are  no  permeable  strata  beneath  the  surface ;  if 
they  exist,  they  might  not  necessarily  cause  leakage ;  and 
even  if  leakage  resulted,  it  would  not  necessarily  do  serious- 
harm.  Concentrated  leakage,  if  it  occurred,  might  possibly 
be  remedied,  and  if  it  should  develop  at  all,  would  be  likely 
to  occur  at  an  early  stage  of  the  work  of  construction.  The 
worst  result  to  be  feared  is,  that  it  might  compel  a  modifi- 
cation of  the  original  features  of  the  project,  enforcing  a 
lowering  of  the  water-level  at  certain  points,  and  at  an 
additional  cost  of  about  $7,000,000." 

This  last  statement  would  have  been  much  clearer  if  it 
had  explained  what  modification  of  the  plans  is  possible, 
resulting  in  a  lowering  of  the  water-level  at  certain  points^ 
and  where  those  ''certain  points"  are  located. 

It  is  difficult,  also,  to  understand  why  leakage  should 
develop  "■  at  an  early  stage  of  the  work  of  construction," 
for  it  surely  cannot  be  intended  to  allow  the  basins  to  fill 
until  the  dams  are  nearly  or  quite  completed,  with  only  one 
railroad  to  carry  the  material. 

This  method  of  dam  construction  upon  such  founda- 
tions and  under  the  conditions  that  prevail  there,  will,  no- 
doubt,  prove  a  revelation  to  the  hydraulic  engineers  con- 
nected with  this  Society.  There  is,  so  far  as  I  know,  na 
precedent  for  such  works  under  such  conditions.     Yet  this 
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is  the  vital  feature  of  the  plans.  The  basins  would  dispose 
of  the  objection  always  urged  ag"ainst  this  route,  the  neces- 
sity of  numerous  locks,  and  also  of  the  tremendous  prob- 
lem of  cross  drainage  east  of  Ochoa. 

Even  supposing  the  dams  can  be  built  in  this  manner, 
there  still  remains  a  problem  of  at  least  equal  difficulty  to 
be  dealt  with,  the  construction  of  wasteways  to  provide  for 
the  overflow  of  the  San  Juan,  a  river  of  great  volume,  and 
the  several  smaller  streams. 

The  wasteways  cannot  be  placed  in  the  native  rock,  or 
upon  a  rock  foundation,  for  there  is  none  between  Ochoa 
and  the  divide  cut. 

It  certainly  cannot  be  considered  any  slight  problem  to 
conduct  a  river  like  the  San  Juan,  whose  mean  flow  at  the 
Lake  is  14,924  cubic  feet  per  second,  according  to  Mr.  Man- 
son's  authority,  and  at  flood  much  greater,  down  a  fall  of 
sixty  feet  or  more,  without  any  rock  foundation  for  the 
works.  I  have,  however,  never  seen  this  matter  referred  to 
in  any  reports  or  discussions  on  the  canal  project;  and  the 
Board  of  Consulting  Engineers  have  not  touched  upon  it. 

It  must  be  taken  into  consideration  that  the  dams  and 
wasteways  must  be  built  to  last  forever.  It  will  never  be 
possible  to  drain  the  summit  level  for  repairs,  because  of  its 
enormous  volume,  without  stopping  the  canal  service  for 
many  months  ;  and  I  do  not  understand  that  any  provision 
is  to  be  made  for  such  a  purpose.  Should  a  wasteway  be 
undermined,  or  the  smallest  embankment  give  way,  a  long 
time  must  elapse  before  repairs  could  be  made. 

The  rock  in  the  divide  cut  is  soft  and  rotten,  and  will 
rapidly  disintegrate  under  the  conditions  existing  there.  It 
is  useless  for  construction  purposes. 

The  writer  is  of  the  opinion  that  the  dams  and  wasteways 
cannot  be  built,  in  the  manner  contemplated,  so  as  to  per- 
manently resist  the  forces  tending  toward  their  destruction; 
and  that  if  the  canal  is  built,  it  will  be  necessary  to  modify 
or  eliminate  these  features  of  the  plans. 

The  difficulties  that  will  attend  the  work  of  construction 
between  Ochoa  and  Greytown  are  appalling.  This  whole 
region  is  a  dense  jungle  of  tangled  vegetation,  and  much  of 
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it  is  a  loathsome  morass.  There  are  no  roads,  or  any  pos- 
sibility of  maintaining  any,  on  account  of  the  enormous  and 
almost  continuous  rainfall,  which  cannot  be  less  than  400 
inches  per  year.  Not  a  stick  of  timber  or  a  block  of  stone 
suitable  for  construction  purposes  exists  there.  Even  the 
ties  used  for  the  railroad  already  built  were  brought  from 
Louisiana. 

The  Canal  Company  purpose  attacking  the  problem  by 
building  a  '*  low-grade  "  railroad  from  Greytown  to  Ochoa, 
following  the  canal  line  to  the  divide  and  the  embankment 
line  from  there  to  Ochoa,  but  a  lower  level  than  the  railroad 
on  the  top  of  the  embankments,  on  the  southerly  side  of  the 
ridge,  and  in  the  bottom  of  the  valleys,  to  be  used  for  con- 
struction purposes.  A  section  of  this  railroad,  reported  to 
be  eleven  miles  in  length,  has  been  built  from  Greytown 
across  the  swamp,  and  the  location  made  to  Ochoa. 

The  construction  of  the  road  across  the  swamp  was  a 
matter  of  some  difficulty.  The  roadbed  was  corduroyed 
with  the  timber  cut  from  the  clearing,  and  upon  this  founda- 
tion the  ties  and  rails  were  placed. 

The  work  train,  loaded  with  sand  from  the  canal  section 
near  the  lagoon,  by  a  steam  shovel,  was  backed  in  and 
unloaded  by  a  ballast  unloader;  and  thus  a  permanent 
embankment  was  gradually  built  up.  The  construction  of 
the  railroad  by  this  method  was  necessarily  very  slow.  Five 
months  were  occupied  in  the  construction  of  four  miles. 

With  the  aid  of  the  low-grade  road,  the  line  along  the 
top  of  the  embankments,  or  the  **  high-grade  "  railroad,  will 
be  built,  which  is  intended  to  be  maintained  permanently. 

It  will  be  impossible  to  make  wagon  roads,  or  to  use 
wheeled  vehicles  of  any  kind  in  this  region,  because  of 
the  almost  constant  rainfall,  turning  the  soil  to  mud,  even 
if  cattle  of  any  kind  could  live  there,  which  is  doubtful. 
When  there  is  added  to  this  the  fact  that  every  stick  and 
stone  must  be  brought  in  from  some  outside  source,  some 
conception  may  be  formed  of  the  tremendous  difficulties  to 
be  encountered,  and  of  the  enormous  expense  of  work  car- 
ried on  under  such  conditions. 

The  climate,  except   on  the  beach   where  the  constant 
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breeze  makes  the  heat  more  endurable,  closely  resembles 
that  of  the  fernery  in  the  conservatory  at  Golden  Gate  Park. 
In  the  tangled  depths  of  the  jungle  no  breeze  is  ever 
felt.  Any  considerable  exertion  causes  the  most  profuse 
perspiration  and  induces  great  fatigue.  The  surveying 
parties  were  housed  in  '*  shacks,"  structures  consisting  of  a 
roof  of  palm  leaves,  supported  on  crotched  poles  with  sides 
and  ends  open. 

Communication  was  maintained  with  headquarters,  near 
Greytown,  by  steel  canoes  on  the  various  streams,  and  the 
steamer  line  on  the  San  Juan. 

The  field  work  was  of  the  hardest  and  most  disagreeable 
description.  Work  never  stopped  on  account  of  rain.  Each 
instrument  man  was  accompanied  by  an  umbrella-bearer, 
who  protected  the  instrument  as  well  as  possible.  The  heat 
was  too  great  to  allow  of  wearing  rubber  garments,  and  con- 
sequently everyone  was  continually  wet  through.  This, 
however,  was  not  especially  disagreeable,  as  it  was  always 
warm.  Frequently,  it  was  necessary,  for  days  at  a  time,  to 
wade  about  in  swamps,  in  mud  and  water  up  to  the  waist, 
or  deeper.  The  most  intense  discomfort  is  caused  by  mos- 
quitoes, and  the  only  refuge  for  them  is  beneath  the  heavy 
calico  mosquito  bar,  at  night.  Innumerable  other  varieties 
of  insects  and  reptiles  aid  the  mosquitoes  in  their  work  of 
torment.  Nearly  all  who  have  been  in  the  jungle  for  any 
length  of  time  are  afflicted  with  skin  disease  similar  to  ring- 
worm, supposed  to  be  caused  by  some  insect,  and  for  which 
there  has  been  found  no  remedy  which  can  be  depended 
upon  to  cure  while  the  victim  remains  in  the  country. 

That  life,  under  such  conditions,  is  not  conducive  to 
health,  is  apparent.  Nearly  all  suffer  from  malarial  fevers, 
though  a  few  escape  and  others  appear  to  become  accli- 
mated. Other  frequent  disorders  are  dysentery,  boils  and  a 
form  of  gastritis,  which  causes  the  victim  to  vomit  for  sev- 
eral hours  at  a  stretch,  and  which  leaves  him  completely 
prostrated. 

There  does  not  seem  to  be  any  great  difference  between 
the  health  conditions  at  headquarters  on  the  beach  and  in 
the  forest  of  the  San  Francisco  basin.  It  was  always  a 
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mooted  point  which  was  the  healthier,  or  perhaps  I  should 
put  it,  the  more  unhealthy,  locality. 

The  labor  problem  is  one  of  the  chief  difficulties  to  be 
solved.  The  employment  of  Chinese,  who  would  probably 
be  most  efficient  on  this  work,  is  prohibited  by  the  conces- 
sion. It  is  expected  that  the  unskilled  labor  supply  will  be 
drawn  from  the  negro  population  of  Jamaica,  and  the  other 
West  India  Islands.  The  native  population  make  excellent 
boat  crews,  and  axe-men  for  the  surveying-  parties,  but  have 
an  unconquerable  aversion  to  the  rougher  forms  of  manual 
labor,  so  that  little  can  be  expected  from  them.  It  will 
probably  be  found  that,  as  at  Panama,  an  inferior  class  of 
labor  must  be  employed  at  high  wages. 

Another  obstacle  to  be  met  is  the  possible  advent  of 
yellow  fever.  It  would  be  a  miracle  if  the  work  should  be 
completed  without  an  outbreak  of  this  dreadful  scourge. 

On  the  western  division,  the  conditions,  as  at  Panama, 
are  more  favorable.  The  physical  obstacles  are  less,  the 
climate  more  healthful,  and  the  rainfall  not  so  large  or  con- 
tinuous ;  and  the  Tola  basin  can  be  eliminated,  if  necessary. 

It  would  seem  that  there  are  here  no  obstacles  that  can- 
not be  overcome  by  an  intelligent  application  of  sufficient 
money. 

It  will  be  observed  that  the  Board  of  Consulting  Engi- 
neers has  raised  the  estimate  of  cost  from  $65,000,000  to 
$87,800,000. 

That  it  is  exceedingly  difficult  to  make  a  reliable  esti- 
mate of  a  work  of  so  extensive  a  character,  even  under  the 
most  favorable  conditions,  the  Manchester  Canal  affords 
evidence.  If  it  is  not  possible  correctly  to  estimate  the  cost 
of  a  work  in  a  country  like  England,  where  the  cost  of 
everything  necessary  is  known,  the  labor  supply  reliable 
and  efficient,  the  climate  healthful  and  invigorating,  and  all 
the  conditions  favorable,  it  is  certainly  not  possible  even  to 
approximate  the  cost  of  such  gigantic  work  in  an  unhealthy 
tropical  country,  lacking  utterly  in  materials  of  construction 
and  in  efficient  labor  supply. 

Panama  furnishes  the  only  precedent  for  estimates,  and 
the  information  obtainable  from  that  source  is  not  reliable 
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or  encouraging".  From  the  information  obtainable  there  we 
can  learn  only  that  high  wages  must  be  paid  for  labor  which 
is  rendered  inefficient  by  the  unhealthy  conditions,  and  the 
physical  impossibility  of  men  doing  the  same  amount  of 
work  as  in  a  temperate  climate. 

That  the  completion  of  the  canal  would  be  of  vast  bene- 
fit to  the  commercial  interests  of  the  Pacific  Coast  and  the 
world  in  general,  does  not  admit  of  doubt.  It  is  equally 
certain  that  a  failure,  such  as  the  French  have  made  at 
Panama  after  the  expenditure  of  an  enormous  amount  of 
money,  would  be  exceedingly  disastrous ;  and  it  behooves 
the  American  people  to  insist  that  the  project  be  proved 
feasible  before  they  allow  their  credit  in  any  manner  to  be 
pledged  to  this  enterprise. 

The  bill  of  the  Representative  from  Washington,  to 
appoint  a  committee  to  make  inquiry  into  the  matter,  is  a 
step  in  the  right  direction,  provided  that  the  services  of  a 
board  of  competent  and  disinterested  expert  engineers  are 
employed. 

It  is  undeniable  that  the  only  information  we  possess 
concerning  the  practicability  of  the  route  has  been  collected 
by  the  officials  of  a  company  who  are  interested  in  foisting 
their  scheme  upon  the  Government ;  and  who  naturally  do 
not  lay  any  great  stress  upon  the  unfavorable  features. 
There  is  no  doubt  that  the  maps  in  the  possession  of  the 
company  are  very  accurate,  and  that  the  quantities  have 
been  calculated  with  sufficient  care.  That  the  conclusions 
which  have  been  drawn  from  these  data  are  also  correct,  is 
a  matter  into  which  careful  examination  should  be  made. 

Much  has  been  said  of  the  naval  advantages  that  would 
accrue  to  the  United  States  from  the  construction  of  the 
canal  under  Government  control,  and  from  the  possession 
of  a  naval  station  in  Lake  Nicaragua.  To  the  thoughtful 
observer,  this  must  seem  doubtful.  In  the  first  place,  no 
naval  station  in  Lake  Nicaragua,  or  in  any  other  portion  of 
Nicaragua,  has  been,  or  is  likely  to  be,  granted  to  this 
Government.  The  control  of  the  canal  would  involve  its 
protection.  The  United  States  is  not  at  present  in  a  posi- 
tion to  insure  this,  and  the  problem  might  involve  very  seri- 
ous difficulties. 
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The  canal,  if  built,  should  be  dedicated  to  the  interests 
of  peace,  and  its  neutrality  be  guaranteed  by  the  great  com- 
mercial nations  of  the  world.  Would  it  be  too  great  a 
stretch  of  the  fancy  to  image  the  great  maritime  nations  of 
the  world  uniting  to  construct  this  work  so  beneficial  to  all, 
each  contributing  a  just  proportion  of  the  expense,  accord- 
ing to  the  benefits  that  it  would  receive  ? 

Let  the  waterway  be  made  free  to  the  commerce  of  the 
world,  except  for  sufficient  tolls  to  provide  for  its  mainte- 
nance ;  and  its  usefulness  be  not  impaired  by  any  attempt 
to  make  it  pay  interest  on  its  cost. 

The  brotherhood  of  nations  is  not  an  unattainable  dream 
to  this  generation.  Might  not  the  construction  of  this  great 
work  in  such  manner  be  the  first  step  toward  a  union  of  the 
civilized  races ;  and  hasten  the  day  when  the  world  shall 
have  forgotten  the  art  of  war,  and  when  the  nations  shall 
dwell  together  in  peace  ? 

ADDENDUM. 

Since  this  paper  was  written,  the  New  York  World  has 
published  (May  2,  1894)  a  letter  from  a  special  correspondent 
sent  to  Greytown  to  ascertain  the  condition  of  the  canal 
company's  affairs. 

This  letter  is  very  interesting,  as  it  furnishes  informa- 
tion relative  to  the  effect  of  time  on  the  works  already  con- 
structed ;  and  enables  an  opinion  to  be  formed  as  to  their 
probable  efficiency. 

It  is  stated  in  the  letter  that  the  channel  has  filled  up  so 
that  a  vessel  drawing  only  three  feet  of  water  was  wrecked 
while  trying  to  enter  the  bay,  and  that  the  Presidente 
Carazo,  a  small  steamer,  formerly  running  between  Blue- 
fields  and  Greytown,  and  which  could  get  out  with  six  feet 
of  water  on  the  bar,  has  been  imprisoned  for  six  months. 
It  is  also  stated  that  the  piles  in  the  jetty  are  ''  rotten  and 
loose." 

The  testimony  of  engineers  familiar  with  the  subject 
would  seem  to  indicate  that  piles  properly  creosoted  will 
resist  the  action  of  the  teredo  navalis  for  a  long  time.  If  not 
properly  creosoted,  their  life  is  very  short. 
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The  cause  of  the  filling  up  of  the  channel  is  probably 
that  the  angle  between  the  jetty  and  the  shore  has  become 
filled  up,  and  that  the  sand  is  now  fiowing  around  the  end 
of  the  jetty,  and  not  through  a  breach  in  it. 

If  this  is  so,  it  possibly  may  not  matter  if  some  or  most 
of  the  piles  are  honeycombed,  as  the  new  land  formed  in  the 
angle  would  ward  off  the  most  destructive  forces,  and  the 
weighted  mattresses  with  which  the  structure  was  filled, 
assisted  by  the  piles  that  must  be  yet  unharmed,  might  still 
be  sufficient  to  preserve  its  usefulness.  It  is  probable  that 
the  depth  of  channel  before  obtained  can  be  regained  by 
merely  extending  the  jetty. 

The  correspondent  has  evidently  been  imposed  on  by  the 
''  American  merchant,"  who  told  him  that  it  was  the  plan  to 
turn  the  water  of  the  San  Juan  River  through  between  the 
jetties.  This  would  be  an  undertaking  almost  equal  to 
building  the  canal,  besides  being  useless.  The  small 
branch  of  the  San  Juan  that  enters  the  lagoon  has  almost 
no  current  for  many  miles  from  its  mouth,  and  has  already 
filled  up  a  large  portion  of  what  was  once  the  harbor  of 
Greytown.  It  is  the  intention  to  cut  off  fhis  branch  at  its 
head :  and,  as  has  been  stated  before,  to  dredge  out  a  chan- 
nel between  the  jetties. 

The  roadbed  of  the  railroad  is  said  to  have  sunk  beneath 
the  swamp  in  places,  and  to  be  overgrown  with  weeds. 
This  is  what  might  be  expected.  The  growth  of  vegetation 
in  this  natural  hot-house  is  marvellous,  and  can  only  be 
kept  down  by  constant  labor. 

The  five  dredges,  for  which  $600,000  w^as  the  reported 
price,  are  said  to  be  sunk  in  eight  feet  of  water.  They  rep- 
resent a  dead  loss,  for  which  the  company  would  no  doubt 
like  to  be  reimbursed  by  this  Government.  All  the  machin- 
ery and  supplies  on  the  ground  are  rapidly  becoming  value- 
less— are,  in  fact,  rotting. 

The  length  of  canal  section  dredged  is  stated  to  be  one- 
half  a  mile,  fifteen  feet  deep,  which  has  been  partially  filled 
up  again  by  natural  agencies.  This  would  indicate  that  some 
sort  of  protection  for  the  banks  will  be  necessary,  for  the 
sea-level  section  at  least 
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The  account  of  the  manner  in  which  the  property  of  the 
company  has  been  seized  and  sold  to  satisfy  its  debts,  is 
interesting  and  instructive.  It  emphasizes  what  was  hinted 
at  in  my  paper — that  this  Government,  if  it  builds  the  canal, 
must  be  prepared  to  protect  its  interests  there  with  a 
strong  hand,  for  it  will  certainly  be  necessary  while  present 
conditions  of  government  prevail  in  those  countries.  The 
most  ardent  friend  of  the  canal  must  regard  with  uneasiness 
the  construction  at  such  an  enormous  expenditure  of  a 
waterway  vulnerable  in  a  thousand  places,  through  a  coun- 
try subject  to  an  unstable  government,  founded  upon  the  prin- 
ciple that  might  is  right —  a  country  remote  from  the  cen- 
ters of  civilization — unless  the  work  is  under  the  protection 
of  a  power  that  will  deal  promptly  and  surely  with  any 
infraction  of  the  terms  of  concession,  allowing  no  quibbling 
over  details. 

The  statement  that  the  Nicaragua  Steam  Navigation  and 
Trading  Company  belongs  to  the  Maritime  Canal  Company, 
again  ''  bobs  up  serenely."  The  assertion  is  so  often  made 
that  this  company  belongs  to  one  or  the  other  of  the  canal 
companies,  that  a  relation  of  the  facts  in  the  case  would 
seem  to  be  in  order. 

The  Nicaragua  Steam  Navigation  and  Trading  Com- 
pany possesses  a  monopoly  of  the  steam  navigation  of 
the  San  Juan  River  and  Lake  Nicaragua,  and  owns  a 
number  of  steam  vessels.  The  greater  part  of  its  stock 
was  purchased  by  individuals,  (who,  it  is  said,  were 
chiefly  officials  of  the  canal  companies)  before  the  Con- 
struction Company  began  operations;  some  interest,  one- 
third,  I  believe,  being  retained  by  its  former  owner.  This 
company  leased  the  tug  Milliard  and  lighters  belonging 
to  the  Construction  Company,  and  did  all  the  lightering  and 
transportation  gemerally  for  the  latter  company.  It  also 
maintained  a  supply  store  at  ''  headquarters,"  and,  by  a 
convenient  system  of  credit,  largely  absorbed  the  pay  of  the 
negro  laborers,  to  the  great  disgust  of  the  merchants  of 
Greytown,  But  it  is  not  known  that  any  of  its  profits  were 
ever  turned  into  the  coffers  of  either  of  the  canal  com- 
panies. 
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LIGHTNING  ARRESTERS,  and  WHY  THEY 
SOMETIMES  FAIL.* 


By  Alexander  Jay  Wurts. 


The  lecturer  was  introduced  by  Prof.  E.  J.  Houston,  of 
the  Institute,  and  spoke  as  follows : 

Members  of  the  Institute,  Ladies  and  Gentlemen  : 

When  the  first  telegraph  lines  were  installed  it  was 
noticed  that  the  instruments  frequently  became  damaged 
during  thunder-storms.  The  wires  were  charged  with  static 
electricity,  which,  instead  of  following  many  turns  of  wire 
through  the  instrument  to  earth,  would  puncture  the  insu- 
lation between  consecutive  convolutions  and  thus  short- 
circuit  the  coils.  Besides  this  damage  to  the  instruments, 
it  was  noticed  that  the  static  charge  would  sometimes 
spring  from  the  line,  or  other  metallic  parts  of  the  circuit, 
to  neighboring  conducting  objects,  such  as  nails,  iron  pipes 
and  the  like.  It  was  also  noticed  that,  when  discharge 
occurred  in  this  manner,  the  instruments  were  not  damaged. 
In  other  words,  these  neighboring  objects  formed  by-paths 
for  the  discharge  and,  in  a  measure,  offered  protection  to 
the  instruments.  As  a  consequence  of  such  observation, 
artificial  by-paths  were  constructed,  which  consisted  of  two 
metal  electrodes,  separated  by  a  small  air  space.  One  of 
these  electrodes  was  connected  to  the  line,  the  other  to 
earth ;  and  thus  the  first  ''  lightning  arrester "  was  con- 
structed. 

It  was  then  supposed  that,  when  a  line  was  provided 
with  a  "lightning  arrester,"  the  instruments  would  be  ''pro- 
tected against  lightning."  The  result,  however,  proved  this 
conclusion  to  be  erroneous.  The  discharges  would  some- 
times pass  to  earth  over  the  spark-gap  of  the  lightning 
arrester,  but  not  infrequently  would  quite  ignore  the  arrester 
and,   as   before,   puncture    the   insulating  material    of   the 


*  A  lecture  delivered  before  the  Franklin  Institute,  March  15,  1895. 
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instruments.  In  other  words,  the  discharge  was  selective. 
The  failure  of  the  lightning  arrester  was  a  vexation ;  but 
at  that  time,  owing  to  the  small  amount  of  apparatus  in  use, 
the  damage  reckoned  in  dollars  and  cents  did  not  call  for  any 
special  study  of  the  reasons  for  the  selective  character  of  dis- 
ruptive discharges.  In  these  days,  however,  the  vast  amount 
of  capital  invested  in  electrical  apparatus  of  various  kinds, 
and  the  consequent  increased  annual  loss  directly  due  to 
these  disruptive  discharges,  have  called  for  a  thorough 
investigation  of  the  subject  and  the  designing  of  more 
efficient  means  of  protection. 

It  is  a  very  significant  fact  that  overhead  wires,  after 
being  subjected  to  the  influence  of  thunder-storms,  do  not 
show  the  damage  to  insulation  which  one  would  reasonably 
expect  to  find  had  the  wires  been  actually  struck  by  the 
lightning  discharge.  It  is  not  uncommon,  however,  to  hear 
of  wires  being  "  struck  by  lightning ;"  in  fact,  linemen  will 
frequently  volunteer  to  point  out  the  exact  spot  where  the 
lightning  entered  the  wire.  But,  so  far  as  I  have  been  able 
to  learn,  overhead  wires  are  not  struck  by  lightning.  The 
points  usually  selected  by  lightning  discharges  are  trees, 
lightning-rods,  church  steeples,  tall  chimneys,  and  the  like. 
There  seems  to  be  no  reason  why  lightning  should  strike  a 
horizontal  wire,  especially  when  it  is  insulated  from  the 
earth. 

Overhead  wires  may  become  charged  in  three  ways  and 
combinations  of  these,  viz.:  by  static  induction  from  the 
clouds ;  by  dynamic  induction  from  a  lightning  discharge, 
and  by  conduction  from  the  surrounding  charged  atmos- 
phere.    The  writer  inclines  to  the  theory  of  conduction. 

During  thunder-storms,  and  in  many  instances  during 
fair  weather,  the  atmosphere  becomes  charged  with  elec- 
tricity at  a  constantly  increasing  potential  as  we  recede 
from  the  earth.  At  the  top  of  Washington  Monument, 
Washington,  D.  C,  a  potential  of  3,000  volts  has  been 
measured  during  thunder-storms,  and  at  the  top  of  the 
Eiffel  Tower  a  potential  of  10,000  volts  has  been  measured. 
Now,  it  is  well  known  that  lightning  is  oscillatory.  The 
first  oscillation,  or  discharge,  makes  a  crack  or  hole  through 
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the  atmosphere,  and  through  this  the  succeeding  oscilla- 
tions take  place.  About  ten  to  twelve  oscillations  can  be 
observed,  and  the  time  interval  is  reckoned  at  about  '00001 
of  a  second.  The  lightning,  therefore,  being  oscillatory 
and  the  atmosphere  charged,  if  an  overhead  wire  be  charged 
by  conduction  from  the  atmosphere — that  is,  become  elec- 
trically a  portion  of  it — then,  with  every  lightning  dis- 
charge it  would  seem  as  though  the  potential  of  the  atmos- 
phere would  sympathize  with  the  oscillatory  character  of 
the  lightning,  and  that  the  charge  in  the  atmosphere  would 
also  oscillate  and  produce  oscillations  in  overhead  wires ; 
and,  in  fact,  in  all  metallic  conductors,  such  as  wire  fences, 
rails,  etc.  The  fact  that  wires  become  heavily  charged 
during  fair  weather  offers  further  evidence  that  they  are 
charged  by  conduction  from  the  surrounding  charged  atmos- 
phere. In  some  instances,  lightning  arresters  have  been 
known,  during  perfectly  fair  weather,  to  discharge  overhead 
wires  at  the  rate  of  140  times  a  minute. 

In  any  case,  whatever  the  method  of  charging  may  be, 
the  discharges  from  overhead  wires  seem  to  be  oscillatory, 
and  during  thunder-storms  they  are,  in  most  cases,  simulta- 
neous with  lightning  flashes. 

If  we  raise  one  end  of  a  trough  of  water  and  then 
quickly  lower  it,  the  water  will  quietly  surge  back  and 
forth.  If,  when  the  water  is  returning,  we  again  raise  the 
same  end  of  the  trough,  a  wave  will  be  started  forward, 
which,  meeting  the  returning  wave,  will  combine  or  collide 
with  it,  causing  a  piling  up  of  the  water  at  that  point. 
Further  complications  may  be  introduced  by  repeatedly, 
and  at  proper  intervals,  raising  and  lowering  one  end  of  the 
trough.  If  the  crests  of  these  waves  be  carefully  examined, 
it  will  be  noticed  that  they  differ  in  height  and  are  con- 
stantly shifting  their  positions. 

During  thunder-storms  the  static  electricity  in  overhead 
conductors  surges  back  and  forth  very  much  as  the  water 
in  a  trough,  and  the  indications  are  that  electric  waves  are 
set  up  which  combine  and  interfere  with  each  other  in  such 
a  manner  as  to  produce  frequent  and  unequally  distributed 
points  of  high   and  low  pressure.     The  ends  of  wires  are 
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points  of  reflection,  and  at  these  points  the  pressure  is 
always  great.  Whatever  may  be  the  true  explanation  of 
the  apparent  idiosyncrasies  of  disruptive  discharges,  it  is, 
after  all,  with  facts  that  we  have  to  deal. 

Referring  to  Fig.  /,  let  A  A  represent  the  terminals  of  a 
static  induction  machine  Z,  a  battery  of  six  one-half-gallon 
Leyden  jars,  B,  a  spark  gap  of  i|'\  and  C\,  C2,  etc.,  vari- 
able spark  gaps,  and  let  the  connections  be  as  indicated. 
With  discharges  at  B,  discharges  will  also  occur  at  one  or 
more  of  the  gaps  Ci,  C2,  etc.  When  Ci,  C2,  Ct,  are  equal, 
the  discharges  occur  across  these  gaps  indiscriminately. 
When  discharge  occurs  over  small  gaps  in  the  neighbor- 
hood of  Ci  or  62,  thread-like  discharges  are  always  noticed  at 
Cn.  And  even  when  Cn  is  increased  to  ^^'^  the  thread-like 
discharge  is   still   noticeable  with  every  discharge  at  Ci  or 
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Fig.  I. — Experiment  with  line  arresters,  illustrating  selective  character  of 

discharge. 

C2.  If  a  large  number  of  spark-gaps,  varying  among  each 
other  as  much  as  100  per  cent.,  be  distributed  as  Ci,  C2,  (73, 
etc.,  discharges  will  still  occur  indiscriminately,  sometimes 
across  a  large  gap,  sometimes  a  small  one,  sometimes  across 
three  or  four  consecutive  or  widely  distributed  gaps.  When 
Ci  is  equal  to  -^^'^y  ^^  equal  to  ^y  and  placed  two,  three  or 
more  feet  away  from  Ci,  and  if  63,  64,  etc.,  be  omitted,  then 
a  discharge  will  occur  at  C2  once  in  about  500  times  with- 
out any  discharge  at  Ci.  These  experiments  demonstrate 
the  selective  character  of  the  discharge.  If,  however,  C2 
be  increased  to  ^^'\  the  discharges  will  cea.se  altogether  at 
that  point,  and  this  last  experiment  indicates  the  limit  of 
range  over  which  selection  ?;/«/  take  place  under  the  condi- 
tions given.  But  it  is  perfectly  evident  that  with  a  large 
number  of  gaps,   the  probability  of  discharge  across  any 
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one  gap  is  very  much  less  than  if  only  two  gaps  were 
present.  In  other  words,  if  C\  represents  a  piece  of  appa- 
ratus which  we  desire  to  protect,  the  protection  will  be 
g"reater  as  we  increase  the  number  of  spark-gaps,  62,  (73, 
etc.,  but  in  no  case  can  there  be  certainty  of  protection 
unless  the  gap  C\  be  relatively  so  large — or,  more  broadly 
speaking,  unless  the  path  C\  offer  such  a  high  resistance  to 
the  passage  of  disruptive  discharges — as  to  place  it  beyond 
the  limit  of  selection.  The  apparatus  which  we  have  used 
in  the  above  experiments  is  different  from  that  employed 
by  nature ;  the  results,  however,  so  far  as  my  observations 
go,  are  identical,  and  the  lesson  to  be  learned  is  simple;  it 
is  this :  the  probability  of  damage  to  electrical  apparatus 
connected  to  overhead  wires  is  lessened  as  we  increase 
the  number  of  opportunities  for  discharge  from  the  line. 

In  summing  up  thus  far,  we  notice  briefly  that  the  line 
becomes  charged,  surgings  are  set  up,  there  are  points  of 
reflection  which  are  always  points  of  great  electrical  strain, 
there  are  points  along  the  line  of  varying  intensity  or 
tendency  to  discharge,  these  points  are  constantly  shifting 
their  positions,  and  spark  gap  lightning  arresters  are  used 
to  conduct  disruptive  discharges  to  earth. 

The  lightning  arrester  of  to  day,  as  a  protective  device, 
differs  from  the  lightning  arrester  of  the  early  telegraph  in 
detail  only.  A  simple  spark  gap,  one  terminal  of  which  is 
connected  to  the  line  and  the  other  to  earth,  is  essentially 
the  lightning  arrester  now  in  use.  But,  with  the  modern 
high-potential  circuits,  it  is  found  that  the  dynamo  current 
follows  the  static  discharge  across  the  spark-gap  of  the 
arrester,  causing  thereby  a  short-circuit  or  dangerous  ground 
on  the  line.  In  order  to  avoid  this  difficulty,  arc-rupturing 
devices  are  attached  to  the  lightning  arrester,  which  have 
for  their  function  the  immediate  interruption  of  the  d3mamo 
current,  without  interfering  with  the  further  operation  of 
the  lightning  arrester  as  a  discharging  device.  "Automatic 
Lightning  Arresters,"  as  they  are  called,  differ  among  one 
another  in  the  various  means  adopted  for  rupturing  the 
dynamo  arc.  But  the  arc-rupturing  attachment  has  nothing 
whatever  to  do  with  the  apparatus  as   a  lightning  arrester, 


444  IVuris :  [  J.  F.  I., 

so  that  althoug-h  automatic  lightning'  arresters  vary  in  out- 
ward appearance,  and  are  in  general  more  cumbersome  and 
expensive  than  the  original  simple  spark-gap  arrester,  yet, 
as  lightning  arresters,  they  are  nothing  more  than  spark- 
gaps.  Various  lightning-arrester  attachments  have  been 
designed  for  the  automatic  rupture  of  dynamo  arcs,  but 
owing  to  the  very  high  potentials  which  are  so  often  used, 
they  are  found  to  be  not  only  undesirable,  but  inefficient, 
the  lightning  arresters  being  frequently  destroyed  by  the 
vicious  dynamo  arc. 

In  practice,  however,  complaints  are  not  so  much  that 
lightning  arresters  are  destroyed  as  that  they  "fail  to  protect." 
It  is  not  unusual  to  see  several  different  kinds  of  lightning 
arresters  in  a  single  station,  which  have  evidently  been 
installed  with  the  idea  of  determining  which  one  of  them 
would  prove  the  most  efficient.  But  such  experiments 
have  met  with  disappointment,  for  the  reason  that  some- 
times one  lightning  arrester,  and  sometimes  another,  would 
receive  the  discharge,  and  the  selective  character  of  disrup- 
tive discharges  was  not  understood.  The  failure  of  light- 
ning arresters  is  not  due  to  the  particular  kind  of  lightning 
arrester,  or  to  the  patent  under  which  it  is  manufactured ; 
it  is  due  largely  to  the  peculiar  conditions  with  which  it 
has  to  contend,  namely,  that  the  discharge  is  selective,  and 
that,  in  order  to  protect  apparatus,  means  must  be  taken  to 
control  these  selections,  or,  at  least,  to  provide  so  many 
paths  to  earth  that  the  probable  selection  will  be  one  of 
the  many  paths  provided.  In  other  words,  lightning  arrest- 
ers do  not  "  protect,"  they  simply  offer  opportunities  for 
discharge.  These  opportunities  may  or  may  not  be 
embraced,  according  to  circumstances.  But  the  failure  of 
lightning  arresters  is  not  altogether  due  to  the  peculiar 
conditions  already  referred  to.  Poor  ground  connection, 
inductive  resistance  in  the  ground  circuit,  defective  insula- 
tion in  the  apparatus  to  be  protected,  and  a  general  misun- 
derstanding of  the  subject,  are  not  infrequently  the  cause 
of  serious  losses  which  might  otherwise  have  been  avoided. 

We  have  noticed  that  lightning  arresters  do  not  **  protect," 
that   they  simply  offer   opportunities    for    discharge.     We 
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have  also  noticed  that  discharges  do  not  pass  readily- 
through  coils  of  wire— coils  therefore  protect.  Properly  con- 
structed choke  coils,  connected  in  the  circuit,  offer  a  high 
resistance  to  the  passage  of  disruptive  discharges,  and 
when  used  in  connection  with  lightning  arresters  the  com- 
bination offers  a  very  reliable  means  of  protecting  well- 
insulated  apparatus  against  lightning.  Laboratory  experi- 
ments, together  with  tests  made  under  actual  working 
conditions,  indicate  the  advisability  of  using  four  choke 
coils  in  series,  in  each  wire,  with  four  lightning  arresters 
intervening,  as  shown  in  Fig.  2.  This  arrangement  is  more 
particularly  suitable  for  the  protection  of  station  apparatus. 
Coils  can,  however,  be  used  to  advantage  on  the  line  for 
the  protection  of  the  more  expensive  translating  devices. 


CHOKE   COILS. 


TROLLEY 


LIGHTNING    ARRESTERS. 


GROUND. 


GROUND. 
Fig.  2. — Four  choke  coils  with  lightning  arresters  intervening. 

The  general  construction  of  a  choke  coil  is  a  matter  of 
considerable  importance.  A  flat  spiral  possesses  some 
advantages  over  the  helix,  but  for  practical  purposes  these 
hardly  compensate  for  the  lower  cost  of  the  latter,  which, 
for  best  results,  should  be  wound  over  a  wooden  or  other 
non-conducting  core.  Metal  cores  and  cases  should  be 
avoided,  because  the  induced  currents  in  these  parts  would 
lower  the  choking  effect  of  the  coils.  The  number  of  turns 
which  can  be  used  to  advantage  is  limited.  It  is  found  by 
experiment  that,  with  given  conditions,  the  choking  effect 
increases  with  the  number  of  turns  up  to  a  well  defined  criti- 
cal point,  after  which  additional  turns  fail  to  have  any  appre- 
ciable effect.  It  is  probable  that  these  critical  points  vary 
with  the  amount  of  electricity  discharged  ;  that  is,  for  heavy 
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discharges  the  critical  point  for  maximum  choking  effect 
would  embrace  a  larger  number  of  turns  than  would  smaller 
discharges,  and  the  choking  effect  for  a  given  number  of 
turns  within  the  critical  point  would  also  be  greater  for 
heavy  than  for  small  discharges.  For  practical  purposes 
the  writer  recommends  from  forty  to  fifty  feet  of  wire 
wound  either  into  a  flat  spiral  having  an  internal  diameter 
of  three  inches,  or  into  a  three-inch  helix  with  a  single 
layer. 

Summing  up  once  more,  we  note  that  wires  become 
charged,  that  lightning  arresters  offer  opportunities  for  dis- 
charge, and  that  coils  protect.  Bearing  in  mind  these  three 
points,  let  us  note  that,  with  the  extensive  systems  of  elec- 
tric light  and  power  distribution  now  in  use,  it  would  be 
quite  impractical  to  install  the  above-described  system  of 
choke  coils  and  lightning  arresters  for  the  protection  of  each 
separate  piece  of  apparatus.  The  first  cost  of  such  an 
installation  would  be  prohibitory.  It  is  evident,  therefore, 
that  the  protection  of  line  apparatus  with  choke  coils 
being  excluded  there  remains  but  one  alternative,  namely, 
that  of  providing  such  a  large  number  of  opportunities  for 
discharge,  distributed  over  the  entire  system,  that  the  selec- 
tion of  the  discharge  will  be  one  or  more  of  the  paths  pro- 
vided for  it.  In  other  words,  line  arresters  connected  at  fre- 
quent intervals  offer  the  only  practical  method  of  protecting 
widely  distributed  apparatus.  ^  But,  in  order  that  such  an 
installation  may  prove  satisfactory  from  a  commercial  as 
well  as  an  operative  standpoint,  the  arresters  must  be  cheap, 
simple,  free  from  moving  parts  and  perfectly  reliable  with- 
out the  necessity  of  regular  inspection. 

Realizing  that  these  points  were  not  covered  by  any  one 
of  the  many  automatic  lightning  arresters  which  had  already 
been  devised,  I  undertook  to  simplify  the  problem,  and  in 
my  early  experiments  proposed  to  equip  the  lines  of  electric 
systems  with  a  multiplicity  of  spark-gaps,  and,  at  the  station, 
to  provide  an  automatic  circuit  opening-and-closing  device, 
which,  upon  the  formation  of  a  short  circuit  across  one  or 
more  of  the  spark-gaps  on  the  line,  would  instantly  open 
and   then  immediately  close.     While  experimenting   with 
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this  system,  I  discovered  that  if  the  electrodes  of  a  light- 
ning arrester  were  made  of  zinc,  the  short-circuiting  arc, 
which  had  heretofore  threatened  the  life  of  the  lightning 
arrester,  absolutely  failed  to  be  maintained.  In  other  words, 
zinc  proved  to  be  what  is  now  commonly  known  as  one  of 
the  "non-arcing"  metals.  Subsequent  investigation  dis- 
closed the  fact  that  there  were  four  other  metals  which 
exhibited  similar  characteristics,  namely,  bismuth,  anti- 
mony, cadmium  and  mercury.* 

The  discovery  of   the   non-arcing  metals  at  once  solved 


J 


Fig.  3. — Double-pole  non- arcing  metal  line  arrester.' 

the  problem  of  a  lightning  arrester  adapted  to  the  require- 
ments of  alternating  current  circuits,  and  which  would  meet 
the  conditions  already  enumerated. 

The  non-arcing  metal  lightning  arrester,  which  is  illus- 
trated in  Figs.  J,  4.  and  5,  consists,  as  will  be  seen,  of  seven 
non-arcing  metal  cylinders,  insulated  from  each  other,  each 
one  and  one-half  inches  long  and  three-fourths  of  an  inch 
in  diameter.     When  installed,  the  two  outer  cylinders  are 


*  A  full  description  of  the  researches  and  experiments  which  led  to  the 
discovery  of  the  non-arcing  metals  is  given  in  the  Transactions  of  the  A'tneri- 
can  Institute  of  Electrical  Engineers^  for  March  15,  1892. 


448 


Wurts : 


[J.F.I., 


connected  to  either  leg  of  an   alternating   current   circuit 
and  the  central  cylinder  to  earth,  thus  forming  a  double- 


FiG.  4. — Non-3rcing  metal  line  arrester. 


Fig.  5. — Non-arcing  metal  line  arrester. 

pole  lightning  arrester.    In  practice,  these  are  manufactured 
in  units  for  1,000  volts,  so  that  for  2,000  volts  two  are  con- 
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nected  in  series,  for  3,000  volts  three  are  connected  in  series. 
The  diagrams  in  Fig.  6  indicate  the  connections  for  each 
potential.  There  are  many  thousands  of  these  lightning 
arresters  in  actual  service,  and  the  experience  of  three  years 
has  fully  demonstrated  that  they  are  perfectly  reliable  with- 
out the  necessity  of  regular  inspection.  The  simplicity  of 
the  device  is  at  once  apparent,  and  the  cost  to  the  user  is  a 
mere  fraction  of  what  was  formerly  demanded  for  the  best 
types  of  automatic  lightning  arresters.  It  will  thus  be  seen 
that,  at  least  for  alternating  current  circuits,  the  require- 
ments of  a  commercially  serviceable  line  lightning  arrester 
have  been  fully  met. 

The  success  of  the  non-arcing  metal  lightning  arrester 
was  such  that  I  was  induced  to  make  further  investigations 
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Fig.  6. — Diagrams  for  lightning  arrester  connections  on  circuits  of  different 

potentials. 

as  to  the  possibility  of  constructing  an  equally  simple  and 
efficient  device  for  use  on  direct  current  circuits.  In  view 
of  the  many  experiments  which  I  had  made  with  almost 
every  kind  and  combination  of  the  ordinary  metals,  I  had 
become  convinced  that  I  should  not  be  able  to  construct 
a  non-arcing  lightning  arrester  for  direct  current  circuits 
which  would  derive  its  non-arcing  property  from  the 
nature  of  the  material  of  the  electrodes,  as  is  the  case  with 
the  non-arcing  metal  lightning  arrester.  Accordingly  I 
directed  my  attention  to  the  possible  suppression  of  the 
dynamo  arc  by  virtue  of  the  construction  or  relation  of 
the  parts. 

I  had  already  observed  the  remarkable  ease  with  which 
Vol.  CXXXIX.     No.  834.  29 
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disruptive  discharges  strike  over  insulating  surfaces,  as 
compared  to  the  difficulty  with  which  they  ordinarily  pierce 
the  air.  For  example,  disruptive  discharges  will  strike  over 
a  glass  surface,  between  two  electrodes  placed  eight  inches 
apart,  rather  than  pierce  the  air  between  electrodes  placed 
one  inch  apart  and  shunting  the  electrodes  in  contact  with 
the  glass.  If  ground  glass  be  used  and  a  pencil-mark  be 
drawn  between  the  widely  separated  electrodes,  the  ratio 
between  the  distances  o.ver  the  glass  and  through  the  air  is 
increased.  While  endeavoring  to  avail  myself  of  this  prin- 
ciple of  ''  surface  discharge,"  as  I  have  called  it,  it  occurred 
to  me  that  a  dynamo  arc,  in  order  to  exist,  must  be  fed  by 
the  vapors  of  its  electrodes,  and  that  if  such  vapors  could 
be  suppressed,  or  if  their  formation  could  be  avoided,  an 
arc  could  not  possibly  exist.  Placing  these  two  ideas 
together,  namely,  "surface  discharge  "  and  *'  suppression  of 
the  vapors,"  I  at  once  had  the  fundamental  principles  nec- 
essary for  the  construction  of  what  has  since  proved  to  be  a 
most  simple  and  efficient  non-arcing  lightning  arrester  for 
direct  current  circuits. 

In  the  first  experiments  which  led  to  a  practical  adap- 
tation of  these  ideas  to  the  construction  of  a  lightning  ar- 
rester, I  placed  two  aluminum-foil  terminals  between  the 
surfaces  of  two  small  blocks  of  marble,  the  surfaces  of  which 
had  been  carefully  ground,  and  on  one  of  which  I  had  drawn 
a  pencil-mark  which  should  bridge  the  distance  between  the 
foil  electrodes.  At  first  these  electrodes  were  placed  about 
two  inches  apart,  the  two  blocks  of  marble  were  firmly 
bound  together  with  twine,  the  terminals  were  connected 
to  the  terminals  of  a  500-volt  direct  current  generator,  and 
disruptive  discharges  were  then  caused  to  pass  from  one 
foil  terminal  to  the  other,  between  the  marble  blocks  and 
over  the  pencil-mark.  It  will  at  once  be  seen  that  the  func- 
tion of  one  of  these  marble  blocks  was  to  furnish  a  surface 
discharge  plane,  that  the  pencil-mark  was  to  further  facili- 
tate the  passage  of  the  disruptive  discharge,  and  that  the 
function  of  the  second  block,  which  was  firmly  bound  to  the 
first,  was  to  suppress  the  formation  of  vapors,  which  would 
otherwise  serve  to  establish  a  short-circuit  under  the  condi- 
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tions  of  the  test.  No  arc  being  formed,  the  terminal  foils 
were  brought  successively  nearer  to  each  other,  until  finally, 
when  the  discharge  plane  had  been  shortened  to  one- 
quarter  of  an  inch,  a  short  circuit  was  established. 

Without  entering  into  the  details  of  subsequent  experi- 


FiG.  7. — Nou-arcing  railway  ligntuing  arrester  (for  car  or  line  use). 

ments  leading  to  the  practical  construction  of  a  commercial 
lightning  arrester,  it  may  briefly  be  stated  that  the  final 
form  given  to  the  arrester  was  that  shown  in  Fig.  7.  In 
this  form  wood,  having  been  found  more  durable,  has  been 
substituted  for  marble,   and,  in  place   of  the  pencil-marks, 
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shallow  grooves  are  burned  longitudinally  between  the  ter- 
minal electrodes,  which  are  placed  three-eighths  of  an  inch 
apart.  While  submitting  this  form  of  lightning  arrester  to 
long-continued  tests  with  disruptive  discharges,  it  was  found 
that  there  was  a  gradual  wearing  away  of  the  wood  fibre,  which 
eventually  ended  in  the  formation  of  a  cavity  in  which  vapors 
formed  in  sufficient  quantity  to  establish  a  dynamo  short- 
circuit.  The  wearing  away  of  the  fibre  seemed  to  be  due 
to  the  fact  that  no  special  vent,  or  opportunity  for  displace- 
ment, was  provided  for  the  disruptive  discharge.  This  evil 
was  quickly  cured  by  slotting  the  upper  block  at  right 
angles  to  the  charred  grooves  in  such  a  manner  as  to  open 
up  the  grooves  or  discharge  plane  to  the  air,  without,  how- 
ever, uncovering  the  electrodes. 

It  will  now  be  proper  to  notice  the  distinctive  features  of 
the  two  non-arcing  lightning  arresters  which  have  been 
described.  The  non-arcing  metal  lightning  arrester  is  non- 
arcing  by  virtue  of  the  material  of  its  electrodes,  and  though 
"non-arcing,"  nevertheless  allows  of  the  dynamo  short-cir- 
cuit. This  is,  however,  so  quickly  interrupted,  probably  by 
virtue  of  non-conducting  vapors  which  form  between  the 
electrodes  during  the  first  rush  of  current,  that  no  appre- 
ciable burning  or  damage  to  the  electrodes  can  be  noticed, 
and  the  n:ielting  of  fuses  and  consequent  interruption  to  the 
service  are  entirely  avoided.  On  the  other  hand,  the  non- 
arcing  lightning  arrester  for  direct  current  circuits  is  ''  non- 
arcing  "  by  virtue  of  its  construction ;  and,  more  than  this, 
is,  strictly  speaking,  a  discriminating  lightning  arrester,  in 
that  it  allows  disruptive  discharges  to  pass  freely  without 
allowing  any  dynamo  current  at  all  to  follow.  This  last 
feature  is  one  which  has  enabled  me  to  make  some  interest- 
ing investigations  regarding  the  relative  volume  of  dis- 
charges from  overhead  wires  during  thunder-storms. 

While  carrying  on  a  series  of  experiments  in  Colorado, 
during  the  summer  of  1893,  I  connected  in  series  with  a 
number  of  these  discriminating  lightning  arresters  small 
spark-gaps,  into  which  I  inserted  pieces  of  tissue  paper, 
which  were  intended  to  act  as  telltales,  and  which,  by  the 
holes  punctured  by  the  discharges,  gave  me  some  record  of 
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what  was    g^oing;  on.      Some   of   these  tell-tale  papers   are 
shown    in    /v>    S.      It   will    thus    be    seen    that,    although 


Fig.  8. — Tell-tale  papers. 

the  discharges  which  caused  these  holes  were  larger  than 
is  ordinarily  obtained  with  a  battery  of  Leyden  jars,  they 
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are  not  to  be  compared  with  the  holes  which  one  would 
expect  from  the  lightning  flashes  which  are  so  often 
said  to  ''strike  the  lines."  The  fact  that  these  telltale 
papers  were  not  burned  is  sufficient  evidence  that  the 
dynamo  current  did  not  follow  the  discharge. 

There  is,  however,  another  side  to  this  matter  of  protec- 
tion against  lightning — one  which  has  been  little  discussed, 
and  which  isalmost  invariably  overlooked  by  those  to  whom 
interruptions  due  to  lightning  are  a  matter  of  vital  import- 
ance. I  refer  to  the  insulation  of  the  apparatus  to  be  pro- 
tected. When  a  lightning  arrester  ''fails  to  protect  "  it  is 
condemned,  the  general  opinion  being  that  the  failure  is 
due  to  some  inherent  fault  in  the  lightning  arrester.  But 
we  have  already  learned  that  a  lightning  arrester  is  nothing 
more  than  a  spark-gap.  It  would  be  difficult,  then,  to  con- 
ceive of  anything  fundamentally  wrong  with  a  lightning 
arrester,  so  far  as  offering  an  opportunity  for  discharge  is 
concerned.  We  have  also  learned  that  disruptive  discharges 
do  not  always  embrace  the  opportunity  for  discharge  which 
is  offered  by  a  spark-gap  lightning  arrester.  This  circum- 
stance, a  very  frequently  occurring  one,  explains  why  light- 
ning arresters  sometimes  fail.  Another  and  all  too  frequent 
cause  is  defective  or  improperly  applied  insulating  mate- 
rial. In  a  certain  sense  a  lightning  arrester  is  a  safety 
valve.  One  would  not  expect  to  protect  a  defective  or  weak 
boiler  with  a  safety  valve  set  to  blow  at  or  near  the  bursting 
strain  of  the  boiler ;  no  more  should  we  expect  a  spark-gap 
lightning  arrester  to  protect  weak  or  defective  insulation. 

Defective  insulation  results  either  from  weak  insulating 
material,  or  a  faulty  application  of  the  insulating  material. 
Generally  good  insulating  material  is  used.  Faulty  appli- 
cation may  result  in  two  ways :  (A)  Through  improper 
design  ;  (B)  Through  carelessness  or  ignorance.  Examples 
under  (A)  are:  (i)  exposed  surfaces  offering  opportuni- 
ties for  "  surface  discharge,"  and  this  is  not  an  infrequent 
occurrence  in  connection  with  insulating  materials  which 
would  otherwise  stand  very  high  voltages ;  and,  (2)  insuffi- 
cient allowance  for  a  proper  margin  of  safety.  The  effects 
of   rough  handling,  heat    and   cold,    damp  and  dry  atmos- 
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pheres,  dirt  and  grit  (this  latter  having  a  particular  attrac- 
tion for  electrical  apparatus,  etc.),  demand  a  margin  of 
safety  which  is  not  always  appreciated  even  by  the  designer. 
Under  (B)  might  be  mentioned  a  long  list  of  details,  such  as 
bruises,  cracks,  pin  holes,  cuts,  open  joints,  bits  of  metal 
imbedded  in  the  insulation,  sharp  corners,  etc.,  which  will 
tend  to  lower  the  insulation  strength  fifty,  seventy-five  or 
even  100  per  cent.  And  at  this  point  it  should  be  observed 
that  the  weakest  point  in  the  insulation  of  a  given  piece  of 
apparatus  (it  may  be  a  pin  hole  or  minute  crack  invisible  to 
the  naked  eye)  is  a  measure  of  its  insulation  strength. 

Repair  work  in  shops  of  local  electric  light  and  power 
companies  is  liable  to  be  more  or  less  defective,  and  but 
few  such  companies  are  provided  with  testing  sets.  Re 
paired  armatures  and  converters  are  placed  in  service  and 
mio^ht  stand  indefinitelv  the  normal  E.M.F.  of  the  circuit  to 
which  they  are  connected,  but  field  discharges,  lightning, 
rise  of  potential  and  proximity  to  other  circuits  carr}nng 
high  potentials,  demand  a  margin  of  safety  which  cannot  be 
assured  unless  the  insulation  be  actually  tested  v/ith  an 
E.M.F.  from  four  to  six  times  the  normal. 

But,  even  though  the  insulation  of  apparatus  be  perfect 
and  have  its  proper  margin  of  safety  when  installed,  dete- 
rioration may,  nevertheless,  occur  from  various  causes,  prin- 
cipal among  which  would  be  moisture  and  overheating.  In 
general,  it  may  be  stated  that  if  we  undertake,  by  means  of 
spark-gaps,  to  provide  absolute  protection  against  static  dis- 
ruptive discharges,  the  insulation  strength  must  bear  such  a 
relation  to  the  spark-gaps  as  to  place  it  beyond  the  limit  of 
selection.  Ordinarily,  however,  absolute  conditions  do  not 
occur  in  practice,  we  can  but  approximate  to  them  and  then 
philosophically  accept  a  reasonable  percentage  of  failures  as 
inevitable. 

The  failure  of  lightning  arresters  is  too  often  due  to  care- 
less installation.  It  may  be  instructive  to  note  several 
examples  : 

(i)  One  plant  is  reported  as  having,  for  better  protection, 
connected  two  arresters  in  series.  This  was  probably  done 
with  the  idea  that  if  a  little  was  good  more  would  be  better. 
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(2)  A  large  bank  of  station  arresters  was  grounded  to  an 
iron  bolt  about  two  feet  long,  driven  into  dry  sand. 

(3)  Line  arresters  were  grounded  by  pushing  the  ground 
wires  into  the  earth. 

(4)  Line  arresters  were  grounded  on  iron  poles,  which 
were  themselves  set  in  Portland  cement. 

(5)  An  annual  inspection  of  automatic  lightning  arresters 
developed  the  fact  that  the  arresters  were  nearly  all  burned 
out — in  other  words,  that  the  line  was  left  unprotected. 

(6)  The  ground  plate  of  a  bank  of  arresters  was  thrown 
into  a  neighboring  stream,  which  subsequently  changed  its 
course,  leaving  the  ground  plate  high  and  dry. 

(7)  The  ground  plate  of  a  bank  of  station  arresters  was 
laid  on  the  rock  bottom  of  a  neighboring  stream. 

(8)  In  a  large  number  of  cases  a  portion  of  the  ground 
wire  is  wound  into  a  fancy  coil  (choke  coil).  And  the  list 
might  be  indefinitely  extended,  each  such  case  forming  a 
source  of  complaint  that  the  arresters  ''  fail  to  protect." 
But,  when  these  curious  mistakes  are  located  and  properly 
remedied  the  complaints  cease. 

Summary. — Overhead  wires  become  charged.  They  are 
discharged  through  lightning  arresters,  which  are  spark- 
gaps.  Shifting  points  of  high  and  low  pressure  are  formed 
along  the  line,  so  that  the  discharge  does  not  necessarily 
occur  over  the  shortest  or  easiest  path ;  that  is,  the  dis- 
charge is  selective.  Lightning  arresters  offer  opportunities 
for  discharge.  Coils  protect.  A  liberal  distribution  of  line 
arresters  offers  the  only  practical  means  of  protecting 
widely  distributed  apparatus. 

Lightning  arresters  fail  to  "  protect ;"  first,  because  of 
the  shifting  high-  and  low-pressure  points,  or  in  other 
words,  for  lack  of  a  sufficient  number  of  line  arresters ; 
second,  because  insulation  is  defective  ;  and  third,  because 
lightning  arresters  are  not  properly  installed. 
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SANITARY  EX(;iXERRING.* 


Bv  Wm.  Paul  Gerhard,  C.E.,  Consultiug  Engiueer  for  Sanitary  Works  ; 
Mem.  Amer.  Public  Health  Association  ;  Amer.  Forestry  Association  ; 
German  Samaritan  Society  ;  Corresp.  Mem.  Amer.  Inst,  of  Architects  ; 
Honorary  Consulting  Sanitary  Engineer  to  the  Department  of  Health 
of  the  City  of  Brooklyn,  N.  V.,  etc. 


The  lecturer  was  introduced  by  the  vSecretary  of  the 
Institute,  and  spoke  as  follows: 

Members  of  the  Institute,  Ladies  and  Gentlemen  : 

The  subject  upon  which  it  is  my  privilege  to  address  you 
to-night  was,  up  to  within  a  few  years,  comparatively 
unknown.  Sanitary  engineering — like  electrical  engineering 
— is  one  of  the  recent  branches  of  civil  engineering;  sani- 
tary science,  the  researches  of  which  form  one  of  its  foun- 
dations, may  likewise  be  considered  a  new  science,  although 
it  has,  in  the  last  few  years,  made  such  rapid  strides  that 
its  importance  is  beginning  to  be  more  universally  recognized. 

The  general  public  has  but  a  vague  idea  of  the  meaning 
of  the  term  "  sanitary  engineering."  ^Many  mistaken  or 
narrow  views  exist  in  regard  thereto,  which,  I  trust,  my 
remarks  to-night  m^ay  help  to  dispel.  Having  lived  for 
many  years  in  each  of  the  three  continents  of  Europe, 
Africa  and  America,  and  being,  therefore,  somewhat  of  a 
cosmopolitan,  I  trust  you  will  overlook  the  fact  that  some 
of  the  statements  which  I  shall  make  do  not  refer  exclu- 
siveh'  to  American  conditions. 

ARCHITECTURE   AND   ENGINEERING. 

As  soon  as  a  science,  art  or  profession  expands  to  such 
an  extent,  both  in  theorv  and  in  practice,  that  its  entire 
field  can  no  longer  be  mastered  by  one  mind,  it  divides 
itself  naturally  into  departments  or  specialties.  We  know 
this  has  been  the  case  in  law,  in  medicine,  in  the  fine  arts, 
and  in  the  natural  sciences.  In  fact,  ours  is  the  age  of 
specialists   in    all    branches    of    learning,    in    all   arts    and 

*A  lecture  delivered  before  the  Franklin  Institute  of  Philadelphia,  Pa., 
February  15,  1895. 
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sciences.  Such  a  sub-division  has  also  gradually  taken 
place  in  the  profession  or  art  of  engineering:  thus  it  came 
about  that  sanitary  engineering  was  made  a  special  and 
distinct  branch  of  the  profession  of  civil  engineering. 

Let  us  glance  briefly  at  the  origin,  and  define  the  mean- 
ing, of  this  new  branch. 

Centuries  ago  the  whole  science  and  art  of  building  con- 
struction were  concentrated  in  one  profession.  At  that 
time  there  existed  even  no  division  into  engineers  and 
architects.  Architecture  and  engineering  were  not  only 
combined,  but  merged  together  with  other  professions  or 
arts.  In  those  by-gone  times  a  man  could  be,  at  the  same 
time,  a  painter,  a  sculptor,  an  engraver,  a  designer  and 
builder  of  church  edifices,  a  constructor  of  fortifications,  an 
engineer  of  canals.  The  thought  of  a  Michael  Angelo 
Buonarotti,  of  a  Leonardo  da  Vinci,  of  an  Albrecht  Diirer^ 
will  readily  recur  to  you.  To-day,  however,  all  this  has  been 
changed.  The  complex  requirements  of  modern  civiliza- 
tion, the  multiplication  of  human  wants — not  to  mention 
the  exigencies  of  business  competition — render  it  well-nigh 
impossible  for  such  universal  genius  or  master-mind  to  rise 
to  success.  While  there  may  occasionally  be  exceptional 
instances  of  accomplished  men  who  are  proficient  in  many 
things,  as  a  general  rule  those  will  succeed  best  who  limit 
themselves  to  the  study  and  practice  of  one  specialty."^ 

*After  writing  down  the  above,  I  happened,  for  the  first  time,  to  come 
across  a  passage  in  the  poem  "  Lucile,"  by  Owen  Meredith,  which  expresses 
exactly  the  same  views.     It  is  as  follows  : 

"  The  age  is  gone  o'er 
When  a  man  may  in  all  things  be  all.     We  have  more 
Painters,  poets,  musicians  and  artists,  no  doubt, 
Than  the  great  Cinquecento  gave  birth  to  ;  but  out 
Of  a  million  of  mere  dilettanti,  when,  when 
Will  a  new  Leonardo  arise  on  our  ken  ? 
He  is  gone  with  the  age  that  begat  him.     Our  own 
Is  too  vast,  and  too  complex,  for  one  man  alone 
To  embody  its  purpose,  and  hold  it  shut  close 
In  the  palm  of  his  hands.     There  were  giants  in  those 
Irreclaimable  days,  but  in  these  days  of  ours — 
In  dividing  the  work,  we  distribute  the  powers." 

Liicile,  Part  /,  Canto  /,  ///. 
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It  is  now  a  little  over  a  century  ago  that  in  building  con- 
struction the  first  division  into  the  two  independent  profes- 
sions of  architecture  and  engineering  took  place. 

Broadly  speaking,  architecture  deals  with  the  orna- 
mental, whereas  engineering  embraces  the  purely  utilitarian 
branches  of  construction.  It  should  be  said,  however,  that 
while,  from  a  purely  business  aspect,  in  the  practice  of  the 
art,  this  division  exists,  the  line  cannot  be  quite  so  strictly 
drawn  as  regards  the  preparation  and  training  required  for 
the  subsequent  practice  of  the  professions.  It  lies  in  the 
nature  of  their  work  that  architects  must  be,  to  some  extent, 
engineers ;  they  must  understand  construction  in  order  to  be 
able  to  design,  whereas  the  reverse  of  this  proposition  is 
not  quite  so  evident,  for  to  find  artistic  talent  and  skill  in 
an  engineer  is  rare.  To  some  extent,  nevertheless,  these 
two  professions  have  always  remained  in  close  touch,  and 
in  recent  years  architects  and  engineers  have  once  more 
been  drawn  together,  particularly  in  such  works  as  pertain 
to  landscape  and  to  domestic  engineering. 

DEFINITION    OF   CIVIL   ENGINEERING. 

The  profession  of  civil  engineering  has  been  defined  as 
"  the  art  of  directing  the  great  sources  of  pov/er  in  nature 
for  the  use  and  convenience  of  man."  The  organization  of 
the  first  State  engineer  corps  occurred  in  France,  in  1791, 
when  the  Corps  des  Ingenieurs  des  Fonts  et  des  Chaussees 
was  established.  As  the  name  implies,  the  work  of  these 
civil  engineers  consisted  largely  in  the  development  of 
means  for  better  transportation  for  passengers,  as  well  as 
goods,  such  as  the  construction  of  roads,  bridges  and  canals ; 
whereas  the  military  engineers  constructed  works  of  fortifi- 
cation, and  applied  engineering  construction  to  military 
operations.  Soon  after,  followed  the  construction,  equip- 
ment and  management  of  railways  and  the  improvement  of 
rivers,  harbors  and  other  aids  to  navigation.  Other  branches 
were  added  from  time  to  time,  such  as  the  manufacture  and 
improvement  of  machinery  and  mechanical  appliances  ;  the 
operating  of  mines;  the  establishment  of  telegraph  and 
telephone  lines ;  the  erection  of  gas  works ;  the  application 
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of  electricity  for  producing  light,  heat  and  power;  the  fire 
protection  of  buildings ;  the  water  supply^  sewerage  and 
lighting  of  cities  ;  the  drainage,  lighting,  heating  and  ven- 
tilation of  buildings  ;  the  reclamation  of  marshes  and  agri- 
cultural drainage ;  the  laying-out  of  streets  and  towns, 
squares  and  parks ;  the  construction  of  piers,  docks,  sea- 
dykes,  jetties,  breakwaters  and  lighthouses.  Broadly  speak- 
ing, engineers  deal  both  with  structures  and  with  machines, 
the  former  being,  according  to  Rankine,  combinations  of 
materials,  the  parts  of  which  have  no  relative  motion ;  and 
the  latter,  mechanical  appliances  whose  function  is  to  per- 
form useful  work,  and  the  parts  of  which  move. 

ENGINEERING    SPECIALTIES. 

At  the  present  day  we  may  distinguish  the  following 
divisions  of  engineering,  viz.: 

Military  Engineering,  Electrical  Engineering, 

Railroad  Engineering,  Gas  Engineering, 

Hydraulic  Engineering,  Municipal  Engineering, 

Marine  or  Naval  Engineering,  Sanitary  Engineering, 

Bridge  Engineering,  Landscape  Engineering, 
Mechanical  and  Steam  Engineering,     Fire  Protection  Engineering, 

Mining  Engineering,  Architectural  Engineering. 

As  previously  stated,  it  is  impossible  for  one  man  to 
acquire  a  complete  knowledge  and  practice  of  all  branches, 
and  the  tendency  to  specialization  leads  engineers  to  devote 
themselves  to  some  one  particular  field.  Notwithstanding 
this  division  into  separate  branches,  made  necessary  largely 
by  business  considerations,  the  various  branches  often  meet. 
Much  of  the  work  of  the  municipal  or  city  engineer,  for 
example,  refers  to  sanitary,  to  hydraulic,  and  to  gas  engi- 
neering ;  the  landscape  engineer  and  the  architect  meet  in 
the  laying  out  of  country  estates,  city  gardens  and  public 
parks ;  the  sanitary  and  the  mechanical  engineer  meet  in 
the  planning  and  construction  of  heating  and  ventilating 
plants ;  the  sanitary  and  the  hydraulic  engineer,  in  works 
of  water  supply  or  sewerage  for  cities,  villages  and  institu- 
tions ;  the  architect  and  the  sanitary  engineer,  in  all  that 
pertains  to  healthfulness  of  habitations;  the  architect  and 
the  bridge  engineer  in  the  iron  or  steel  construction,  and 
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the  foundations  of  large  and  tall  buildings.  These  examples 
might  be  multiplied,  but  what  is  said  will  suffice  to  explain 
my  meaning. 

DEFINITION    OF    SANITARY    ENGINEERING. 

If  we  accept  the  above  definition  of  civil  engineerings 
then  sanitary  engineering  may  be  defined  as  the  art  and 
science  of  applying  the  forces  of  nature  in  the  planning  and 
construction  of  works  pertaining  to  public  or  individual 
health  ;  or,  to  put  it  in  other  words,  the  purpose  of  all  works 
of  sanitary  engineering  is  the  promotion  of  healthful  con- 
ditions, the  avoidance  of  disease  caused  by  outside  influ- 
ences, which  maybe  brought  under  control  of  mankind,  and 
the  increase  of  the  duration  of  life.  It  is  obvious,  therefore, 
that  a  general  knowledge  of  civil  engineering,  of  architecture  and 
of  sanitary  science,  in  all  their  branches,  should  form  the  basis  of 
the  education  of  the  sanitary  engineer. 

Some  persons  among  my  audience  may  contemplate  tak- 
ing up  the  profession  of  sanitary  engineering,  or  there  may 
be  fathers  present  here  to-night  who  desire  to  have  their 
sons  follow  a  course  of  studies  which  would  prepare  them 
for  this  branch.  I  will,  therefore,  even  at  the  risk  of  weary- 
ing you,  make  an  attempt  to  outline  briefly  the  course  of 
studies  and  the  special  training  required  to  enable  one  to 
attain  the  qualifications  necessary  to  practice  sanitary  engi- 
neering. Following  this,  I  shall  describe  and  discuss  the 
principal  subjects  or  problems  with  which  the  sanitary 
engineer  deals  in  his  practice.  In  order  to  become  a  com- 
petent engineer,  the  course  of  study  should  embrace  both 
theoretical  (scientific  and  technical)  education  and  practical 
or  manual  training.  The  practical  education  differs  accord- 
ing to  whether  the  special  branch,  which  the  engineer  will 
follow  later  on,  belongs  to  mechanical,  civil,  electrical  or 
sanitary  and  hydraulic  engineering. 

COURSE   OF    STUDY   IN    SANITARY   ENGINEERING. 

In  order  to  be  able  to  make  use  of  the  forces  of  nature 
for  the  promotion  of  the  comfort,  health  and  welfare  of 
mankind,  it  is  necessary  to  study  and  to  become  conversant 
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with  them  ;  hence,  training  in  the  natural  sciences  and  in 
mathematics  forms  the  basis  of  sanitary  as  well  as  of  all 
other  branches  of  engineering.  The  study  should  include 
mathematics  (arithmetic,  algebra,  geometry,  trigonometry 
and  stereometry),  astronomy  and  descriptive  geometry;  like- 
wise, of  the  physical  sciences,  mechanics  and  dynamics, 
hydrostatics  and  hydraulics,  aerostatics  and  aerodynamics ; 
the  theory  of  heat,  optics,  acoustics,  magnetism  and  elec- 
tricity. It  is  also  necessary  for  the  engineer  to  have  some 
knowledge  of  meteorology,  climatology,  physical  geography, 
mineralogy  and  geology ;  furthermore,  of  general  chemistry, 
metallurgy,  and,  in  particular,  of  chemical  technology.  The 
study  of  botany,  of  the  trees  of  commerce  and  of  forestry 
is  also  useful  in  many  ways.  In  none  of  these  studies, 
however,  must  the  young  engineer  student  expect  to  become 
complete  master;  even  in  mathematics,  which  is  to  the 
engineer  the  basis  of  all  learning,  he  cannot  expect  to  cover 
the  whole  field. 

He  must  become  acquainted  with  the  properties  of  the 
materials  employed  in  engineering  structures,  and  gain  a 
knowledge  of  the  principles  of  construction,  of  the  theory 
of  strength  of  materials,  and  of  the  stability  of  structures. 
Without  this  knowledge,  he  cannot  attain  eminence  in  his 
profession. 

All  engineers  should  be  good  draughtsmen  ;  therefore, 
the  student  should  practise  not  only  general  drawing  and 
sketching,  but  become  skilful  in  particular  in  mechanical 
drawing,  in  the  preparation  of  engineering  drawings,  and, 
to  a  certain  extent,  of  architectural  plans,  sections  and 
details.  He  should  also  learn  geodesy,  surveying,  levelling, 
the  laying  out  and  staking  out  of  work,  and  should  aim  to 
thoroughly  master  topographical  and  map  drawing.  All 
these  studies  are  fully  as  useful  to  the  sanitary  engineer  in 
his  practice  as  they  are  essential  to  the  civil  engineer. 

The  studies  mentioned  so  far  comprise  the  general  or 
preparatory  course  in  engineering.  After  this  should  follow 
special  courses  in  engineering  as  related  to  commerce, 
which  comprises  the  means  of  transportation  and  commimi- 
cation  on  land  and  on  water  ;  in  engineering  as  related  to 
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agriculture ;  in  engineering  as  related  to  manufacturing 
industries  and  mining  ;  in  engineering  as  related  to  build- 
ings, and,  finally,  in  engineering  as  related  to  public  health. 
He  should  learn  road  and  street  construction,  railroad  and 
tramway  building,  hydraulic  engineering,  sewerage,  water 
supply,  measurement  of  water  power,  bridge,  roof  and 
tunnel  construction,  works  of  drainage  and  irrigation, 
canals  and  locks,  river  improvements,  harbor  and  sea-coast 
works,  machine  construction,  and  the  application  of  the 
different  classes  of  motors.  A  general  course  in  architec- 
ture or  building  construction  is  also  desirable  for  the  well- 
qualified  sanitary  engineer,  and  this  should  include  some 
knowledge  of  the  trades  of  carpentry,  bricklaying  and  stone 
masonry,  plastering,  blacksmith  work,  plumbing,  gas-fitting 
and  drain-laying. 

In  addition  to  these,  there  should  be  a  course  in  sanitary 
science,  comprising  public  and  personal  health,  and  a  study 
of  the  causes  and  methods  of  preventing  the  spread  of 
infectious  and  contagious  diseases.  A  fundamental  knowl- 
edge of  anatomy  and  physiology,  so  useful  to  men  in  all 
conditions  of  life,  is  of  paramount  value  to  the  sanitary 
engineer,  and  this  should  be  followed  by  a  special  course  in 
"  First  Aid  to  the  Injured,"  as  now  made  a  feature  in  all 
German  polytechnic  schools.  This  will  prove  eminently 
useful  in  the  subsequent  practice  of  the  engineer,  in  case 
of  accidents  or  emergencies,  whether  in  the  machine  shop, 
on  buildings,  in  railroad  disasters,  or  in  sanitar}^  and 
hydraulic  works. 

Finally,  the  general  knowledge  of  language  and  gram- 
mar should  not  be  overlooked,  as  engineers  are  frequently 
called  upon  to  write  reports.  The  study  of  foreign  lan- 
guages will  prove  useful  in  travelling  and  in  many  other 
ways.  And,  finally,  there  should  be  added  a  general  knowl- 
edge of  law,  so  necessary  when  drawing  up  contracts  or 
preparing  specifications,  the  cultivation  of  business  habits, 
and  the  faculty  of  dealing  with  foremen  and  workmen  in 
the  superintendence  of  works. 

You  will  see  from  all  this  that  the  extent  of  theoretical 
knowledge  and  practical  acquirements  which  the  sanitary 
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engineer  should  possess  is  quite  formidable.  It  has  been 
truly  said  that  "  no  man  in  an  ordinary  lifetime  can 
properly  learn  engineering,"  and  that  "  the  learning  period 
of  an  engineer  ends  only  with  his  death." 

Although  it  follows  clearly  from  what  has  been  said 
that  the  foundation  for  the  special  study  of  sanitary  engi- 
neering, should  be  a  regular  course  in  civil  engineering, 
it  by  no  means  follows  that  every  civil  engineer  is  also  a 
well-qualified  sanitary  engineer.  In  order  to  become  compe- 
tent for  the  duties  of  a  sanitary  engineer,  the  civil  engineer 
should — i'n  study  as  well  as  in  practice — give  special 
attention  to,  and  gain  knowledge  and  experience  of,  all  those 
problems  which  are  correlated  to,  and  which  influence,  pub- 
lic health.  Sanitary  engineering  covers  a  very  wide  field, 
and  is  a  profession  requiring  years  of  preparation  and  hard 
work. 

ACTUAL  PRACTICE  OF  THE  SANITARY  ENGINEER. 

I  will  now  attempt  to  give  you  in  outline  a  very  general 
review  of  the  various  classes  of  work  and  of  the  problems 
arising  in  the  professional  practice  of  the  sanitary  engineer. 
I  would  overstep  the  limits  of  this  paper  were  I  to  discuss 
any  of  those  questions  or  topics  in  detail.  I  can  mention 
many  subjects  only  casually,  and  my  difficulty  is  the  con- 
stant embarrassment  of  deciding  what  to  omit  rather  than 
what  to  mention. 

Speaking  generally,  much  of  the  work  performed  by  the 
salaried  city  or  municipal  engineers  is  sanitary  engineering. 
If  the  sanitary  engineer  has  a  private  practice,  he  will  often 
be  called  upon  to  act  as  consulting  or  advisory  engineer  for 
municipal  works ;  or  his  work  will  be  more  in  the  nature  of 
private  architectural  engineering  and  domestic  work,  such 
as  heating  and  ventilating  of  buildings,  plumbing  and 
drainage,  water  supply,  sewerage  and  sewage  disposal. 

WATER    SUPPLY    OF    CITIES    AND    OF   DWELLINGS. 

One  problem  which  belongs  to  sanitary,  and  likewise  to 
hydraulic  engineering,  is  the  provision  of  a  bountiful  supply 
of  pure  and  wholesome  water  for  cities  and  towns.     A  pro- 
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ject  for  water  works  requires  investigations  as  to  the  quan- 
tity needed :  as  to  the  quality  and  available  sources  of 
supply :  as  to  the  pressure  required  and  the  division  into 
pressure  districts  ;  as  to  the  means  for  conducting  the  water 
from  its  source  to  the  places  of  consumption  and  the  sys- 
tems of  pipe  distribution ;  as  to  the  methods  of  storing  the 
water,  protection  against  contamination,  and,  finally,  as  to 
the  means  of  purification. 

Water  is  required  for  many  uses,  such  as  for  drinking^ 
cooking,  washing,  bathing  and  general  ablutions :  for  clean- 
ing ;  for  sprinkling  sidewalks  and  streets,  areas  and  yards 
and  watering  gardens  ;  for  fire-extinguishing  purposes  ;  for 
flushing  w^ater-closets,  drains  and  sewers  :  for  washing  car- 
riages and  watering  horses  and  cattle:  for  feeding  steam- 
boilers,  supplying  fountains,  running  hydraulic  elevators; 
for  industrial  establishments,  laundries,  dyeing  establish- 
ments, paper  factories,  breweries  and  sugar  refineries,  etc. 

From  a  sanitary  point  of  view,  the  chief  considerations 
are  the  sources  of  supply,  quantity,  quality,  pressure,  stor- 
age, the  material  of  distributing  p'ipes  and  the  artificial 
improvement  of  the  water. 

The  sources  for  a  water  supply  are  rivers  and  lakes, 
springs  and  gathering  ponds,  which  are  naturalh'  good,  but 
liable  to  be  polluted  by  surface  washings  or  by  sewage  ; 
rain  water,  which  is  pure  in  the  countr\',  but  contaminated 
in  cities  ;  sub-soil  and  ground-water,  which,  away  from  habi- 
tations, is  good  ;  shallow  wells  which  are  always  open  to 
suspicion  ;  and  deep  artesian  or  driven  wells,  which,  as  a 
rule,  furnish  an  uncontaminated  water  supply,  but  which  is 
not  in  everv  instance  available  for  use.  A  sanitary-  exami- 
nation  of  the  source  of  supply  should  always  be  instituted, 
and  comprises  a  chemical,  microscopical  and  bacteriological 
analysis  of  the  samples,  in  the  gathering  of  which  particular 
care  is  required. 

The  quantity  of  water  required  should  be  determined 
according  to  the  rate  of  growth  of  population,  and  accord- 
ing to  the  special  needs  of  water  for  domestic  and  personal, 
for  industrial  and  for  public  use.  The  amount  of  water 
required  per  head  per  diem  will  naturally  fluctuate  with  the 
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customs,  desire  for  cleanliness,  and  the  social  conditions  of 
the  inhabitants  of  a  place,  likewise  with  the  extent  of  manu- 
facturing industries,  the  number  of  public  baths,  public 
institutions  and  public  fountains,  and,  finally,  according  to 
the  mode  of  supply,  i.  e.,  whether  this  is  unlimited  or 
metered.  The  consumption  also  varies  at  different  hours 
of  the  day,  on  different  days  of  the  week,  and  in  different 
seasons  of  the  year,  and  this  should  be  borne  in  mind  in 
the  design  of  a  water  works  system. 

The  quality  of  the  water  is  another  consideration  of 
importance.  The  fact  needs  to  be  emphasized,  that  clear 
water  is  not  necessarily  wholesome  water ;  and  inversely,* 
water  may  be  good  without  being  absolutely  pure  from  the 
chemist's  point  of  view.  Good  water,  suitable  as  a  bever- 
age, should  be  transparent,  colorless,  odorless,  tasteless, 
moderately  hard  and  cold  and  free  from  organic  impurities 
and  disease  germs. 

The  pressure  at  which  water  is  supplied  is  of  interest 
mainly  from  the  point  of  view  of  fire  protection,  but  also 
as  regards  the  supply  in  dwellings,  for  a  deficient  pressure 
points  to  the  need  of  storage  cisterns  in  houses,  and  in  some 
places  necessitates  the  use  of  domestic  pumps  to  lift  the 
water  to  the  tanks. 

Deficiencies  in  quality,  quantity  or  pressure  of  the  water 
supply  may  be  the  cause  of  disastrous  calamities  to  life  as 
well  as  property.  To  guard  against  these,  stand-pipes  or 
storage  reservoirs  often  form  a  part  of  the  distribution 
system.  In  the  reservoirs,  the  water  stored  is  frequently 
subject  to  vegetable  growths  or  algae,  which  impart  to  it 
a  bad  taste  or  odor,  or  both. 

The  method  of  supply  is  either  constant  or  intermittent; 
the  former  is  far  preferable  for  sanitary  reasons,  and  may 
be  either  a  free  and  unlimited  supply,  or  the  supply  may  be 
controlled  by  water  meters.  The  system  of  supplying  con- 
sumers by  meter  measurement  prevents  unnecessar}^  waste 
of  water,  due  to  leaky  house-fittings  or  carelessness  and 
negligence  in  use,  and  is  not,  from  a  sanitary  point  of  view, 
objectionable,  as  many  suppose. 

The  supply  of  water  to  a  city  may  either  be  brought  to 
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it  by  open  or  covered  gravity  conduits,  or  it  must  be  pumped, 
by  hydraulic  or  steam-power,  into  reservoirs  or  into  pres- 
sure conduits.  The  distribution  in  the  city  streets  is  usually 
by  a  network  of  underground  iron  pipes,  and  the  domestic 
water  service  is  effected  by  smaller  distributing  pipes,  the 
material  of  which  may  have  a  bad  influence  on  the  quality 
of  the  supply. 

Finally,  the  artificial  improvement  of  the  supply  is  a 
problem  which  concerns  the  sanitary  engineer.  It  may  be 
accomplished  on  a  large  scale,  either  by  sedimentation,  by 
sand  filtration  on  filter-beds,  by  distillation,  by  aeration,  or 
by  chemical  precipitation  processes,  requiring  the  addition 
of  substances  like  alum,  lime,  or  perchloride  of  iron.  In  the 
home,  small  domestic  filters  may  effect  some  purification, 
but  nearly  all  the  household  filters  merely  strain  the  water 
without  actually  purifying  it,  and,  unless  they  are  frequently 
and  regularly  cleaned  and  recharged  with  fresh  filtering 
material,  become  worse  than  useless.  There  are  a  few  house- 
hold filters  which  do  remove  the  germs  from  the  water ;  but 
all  those  which  have  any  merit  necessarily  filter  the  water 
very  slowly  and  require  occasional  cleaning  and  sterilizing. 

Incidental  to  the  use  of  water  as  a  beverage  is  the  em- 
ployment of  water  in  its  solid  form  as  ice,  for  the  purpose 
of  rendering  the  temperature  of  the  water  more  agreeable. 
It  is  a  popular  fallacy  that  ice  is  water  purified  by  freezing. 
Recent  progress  made  in  bacteriology  has  established  the 
fact  that  germs  of  disease,  such  as  typhoid  germs  in  drinking 
water,  are  not  killed  by  the  process  of  freezing.  Danger^ 
therefore,  lurks  in  the  indiscriminate  use  of  ice.  The  busi- 
ness of  ice-cutting  requires  careful  watching,  and  should  be 
under  the  control  of  sanitary  engineers  of  Boards  of  Health. 
The  cutting  of  ice  from  ponds  or  rivers  subject  to  organic 
contamination,  and  rendered  unfit  as  a  source  of  ice  supply, 
should  be  prohibited.  Careful  householders  should,  for  like 
reasons,  as  a  matter  of  precaution,  make  use  of  water  coolers 
so  arranged  that  the  ice  is  kept  in  a  separate  compartment^ 
so  that  in  melting  it  cannot  mix  with  the  drinking  water, 
or  they  should  order  their  ice  supply  only  from  dealers  in 
artificial  ice,  manufactured  from  distilled  water. 
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SEWERAGE. 

The  water  supplied  to  a  city  from  its  water  works  must  be 
removed  after  use.  To  accomplish  this  is  one,  though  not 
the  only,  object  of  a  sewer  system.  Town  sewerage,  in  the 
wider  meaning  of  the  term,  signifies  the  removal,  by  under- 
ground conduits  or  sewers,  of  the  sewage  of  a  city,  which 
may  include  a  portion  or  all  of  the  following  liquid  wastes : 
house  waste,  including  excreta  and  urine ;  stable  wastes, 
manufacturing  wastes  from  industries  using  in  their  pro- 
cesses large  volumes  of  water ;  waste  from  water  motors 
and  hydraulic  lifts  ;  subsoil  water ;  and,  finally,  surface  or 
storm  water,  falling  on  roofs,  yards,  areas,  courts,  paved 
streets  and  unpaved  spaces.  From  a  sanitary  point  of 
view,  the  continuous  and  instant  removal,  before  putrefac- 
tion begins,  of  all  liquid  waste  products  from  habitations, 
must  be  the  chief  consideration  in  order  to  avoid  the  pollu- 
tion of  soil  and  air  in  and  about  dwellings,  and  the  contamin- 
ation of  the  ground  water.  To  be  able  to  devise  a  sewerage 
system,  it  is  necessary  to  institute  many  preliminary  inves- 
tigations, which  refer  to  the  present  and  future  extent  of  the 
drainage  area,  the  configuration  or  topography  of  the  city, 
the  geology  and  physical  character  of  the  drainage  district, 
the  meteorological  observations,  particularly  as  to  the  rain- 
fall of  the  place,  including  the  frequency  and  amount  of 
sudden  heavy  showers  ;  the  proportion  of  rainfall,  if  any, 
which  is  to  be  admitted  into  the  sewers  ;  the  character  and 
quantity  of  the  daily  and  hourly  water  supply;  the  size  of 
population,  present  as  well  as  prospective,  which  will  derive 
practical  benefit  from  the  sewers,  and  the  comparative  den- 
sity of  population  in  different  sections  of  the  city. 

Another  question  of  prime  importance  in  the  establish- 
ment of  a  sewerage  plan,  is  the  final  disposal  of  the  sewage  ; 
the  location  of  the  sewer  outfalls  ;  the  nature,  volume  of 
flow  and  velocity  of  current  of  the  water  course  intended  to 
receive  the  sewage,  the  requirements  of  pumping  stations, 
or  the  need  of  sewage  purification  works.  It  may  be  laid 
down  as  an  axiom  that  no  engineer  can  give  intelligent 
advice  concerning  a  proposed  sewerage  system  of  a  city, 
without  having  a  correct  general  contour  map  of  the  place. 
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Following-  these  preliminary  investigations  the  sanitary- 
engineer  should  consider  the  various  sewer  systems,  the 
combined  and  the  separate  system,  the  gravity,  suction  and 
compressed  air  systems  of  sewage  removal,  and  decide 
which  is  best  adapted  to  the  locality  in  question.  Often  it 
mav  be  advantageous  to  admit  into  the  sewers  only  a  por- 
tion of  the  liquid  wastes  enumerated.  In  many  towns 
storm  water  may  be  left  out  of  consideration,  as,  for  instance, 
where  it  can  be  taken  care  of  quite  sufficiently  by  open  or 
covered  street  gutters,  or  by  a  few  vshallow  and  short  rain- 
water sewers,  discharging  in  a  straight  line  into  the  nearest 
water  course.  Wherever  sewage  must  be  pumped  to  the 
outfall,  and  in  all  cases  where  it  must  be  purified  before 
discharge  into  a  w^ater  course,  the  advantages  of  the  separ- 
ate system  predominate. 

After  deciding  upon  the  system  of  sewerage  best  adapted 
to  the  needs  of  a  community,  a  general  sewerage  plan 
should  be  developed,  and  according  to  the  topography  of  the 
city,  various  lay-outs  for  the  division  into  sewer  districts 
may  be  followed,  such  as  the  direct  or  perpendicular  system, 
the  intercepting  system,  the  zone  or  parallel  system,  the  fan 
system  and  the  radial  system,  the  details  of  which  I  cannot 
describe  here.  The  grade  and  inclination  of  the  sewers, 
the  resulting  velocity  of  flow,  the  importance  of  making 
sewers  self-cleansing,  the  depth  at  w^hich  they  are  laid 
below  the  street  level,  the  sectional  forms  and  sizes,  the 
material  and  construction,  whether  cement  or  vitrified  pipe 
or  iron  pipe  sewers,  concrete,  brick  or  stone-masonry  sewers, 
these  are  all  matters  of  importance,  which  the  experienced 
sanitary  engineer  has  to  consider.  In  the  construction  of 
the  sewers  many  questions  of  detail  come  up,  upon  which 
the  ultimate  success  of  the  system  will  depend,  such  as  the 
trenching,  the  provision  of  proper  foundations  in  loose  soils, 
the  use  of  invert  blocks,  the  making  of  water-tight  joints  in 
pipe  sewers,  the  proper  junction  of  sewers,  the  careful  align- 
ment and  the  adjustment  of  the  grade,  the  smoothness, 
hardness  and  durability  of  sewer  pipes  and  other  considera- 
tions. Sound,  practical  judgment  will  determine  the  posi- 
tion and  number  of  man-holes  and  lamp-holes  for  purposes 
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of  inspection,  location  and  removal  of  obstructions,  the 
advisability  of  using  devices  for  flushing  sewers,  either 
flushing  man-holes,  gates  or  tanks  with  automatic  siphons, 
and  the  detail  of  sewer  outfalls.  Where  rainfall  is  admitted 
to  the  sewers,  the  construction  of  catch-basins  at  street 
corners  and  of  storm  overflows  to  relieve  the  sewers  in  case 
of  sudden  heavy  showers  must  be  studied.  Where  sewage 
cannot  be  discharged  by  gravity,  pumping  stations  and 
sewage  pumps  must  be  designed  ;  finally,  the  house  connec- 
tions must  be  provided,  in  wet  soils  subsoil  drains  must 
be  laid  in  the  sewer  trenches,  and  in  all  cases  the  sewers 
must  be  well  ventilated. 

The  problem  of  sewer  ventilation  presents  many  practi- 
cal difliculties.  The  prevailing  method,  by  means  of  per- 
forated man-hole  covers,  is  open  to  objections,  particularly 
in  narrow  streets  or  courts,  and  the  alternative  of  untrapped 
catch-basins  aggravates  the  evil,  owing  to  the  proximity  of 
the  latter  to  the  windows  of  dwelling  houses.  Among  the 
various  other  methods  suggested  from  time  to  time,  I  men- 
tion ventilation  by  means  of  the  rain-water  pipes  of  build- 
ings, which  is  objectionable,  first,  because  during  rain- 
storms, just  when  sewers  require  a  free  vent,  owing  to  the 
displacement  of  the  air  by  water,  the  rain-water  conductors 
cannot  act  as  ventilators;  second,  because  the  joints  of  out- 
side metal  leaders  are  rarely  tight ;  and  third,  because  rain, 
water  leaders  often  terminate  under  windows  of  living 
rooms  or  sleeping  apartments.  Ventilation  by  lamp-posts 
or  special  columns  rarely  accomplishes  much,  because  they 
are  of  too  small  diameter.  The  carrying  of  special  sewer 
vent  pipes  along  the  outside  of  buildings  would  be  some- 
what more  effectual,  but  the  method  is  difficult  to  enforce, 
expensive,  and  often  troublesome  in  case  of  adjoining  build- 
ings of  various  heights.  Ventilation  of  sewers  by  connec- 
tion with  chimney  shafts  or  boiler  flues  involves  the  possi- 
bility of  explosion,  or  is  objected  to  by  the  owners,  as  it  may 
injuriously  affect  the  chimney  draft.  Special  tall  shafts,  at 
the  upper  ends  of  sewer  lines,  are,  to  some  degree,  effective, 
but  very  expensive.  Other  propositions  include  charcoal 
ventilators  in  the  top  of  man-holes,  which  require  frequent 
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removal,  material  placed  in  sewers  to  absorb  gases,  and  the 
passing  of  disinfecting  vapors  or  chemical  gases  into  the 
sewers.  Unfortunately,  most  of  these  devices  suggested  are 
costly  or  difficult  to  apply,  and  the  problem  is  by  no  means 
satisfactorily  solved.  One  other  method  deserves  special 
mention,  it  being  a  successful  feature  of  the  separate  sys- 
tem ;  this  is  the  omission  of  the  running  trap  on  all  house 
drains,  thus  making  use  of  the  house  soil  and  vent  pipes, 
which  are  carried  up  to  the  roof.  With  a  well-flushed,  well- 
arranged  and  well-maintained  sewer  system,  under  complete 
control  of  the  municipal  engineer,  the  simple  method  is 
perfectly  feasible,  and  gives  good  results,  provided  the 
drainage  works  of  the  houses  are  absolutely  air-tight. 

A  public  water  supply  and  a  sewer  system  are  improve- 
ments which  usually  go  together,  and  exercise  a  marked 
sanitary  effect  upon  the  general  health  of  a  community. 
The  problem  becomes  more  difficult  when  there  is  a  water 
supply  without  sewerage,  in  which  case  the  filthy  and 
health-destroying  cesspool,  or  the  vault,  is  the  usual  recep- 
tacle of  the  sewage  pending  removal  by  cartage.  Where 
there  is  neither  sewer  nor  a  water  supply,  the  disposal  of 
filth  must  be  accomplished  by  dr}^  removal  systems,  such  as 
the  earth  or  ash  closets,  or  the  pail  system.  Finally,  there 
are  certain  special  systems,  such  as  the  pneumatic  systems 
of  Liernur  and  of  Berlier,  and  the  mode  of  pumping  sew- 
age by  compressed  air  by  the  Shone  system,  of  which  a 
practical  application  could  be  seen  at  the  recent  World's 
Fair  in  Chicago,  with  all  of  which  the  sanitary  engineer 
should  be  quite  familiar.  Of  all  systems,  that  one  will  be 
by  far  the  best,  from  a  hygienic  point  of  view,  which  effects 
cleanliness  by  a  constant,  systematic  and  quick  removal  of 
all  manner  of  liquid  organic  refuse  from  houses,  streets  and 
towns. 

PREVENTION  OE  POLLUTION  OF  WATER  COURSES. 

Rivers  and  water  courses  have  been  utilized  as  the  natu- 
ral outfalls  for  the  sew^age  of  towns.  As  the  amount  of 
town  sewage  increases,  owing  to  growth  of  population, 
and  of  its  industrial  establishments,  the  streams  and  v*^ater 
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courses  become  more  and  more  polluted,  to  the  great  detri- 
ment of  the  people  living  further  down  stream.  River  pol- 
lution, in  numerous  instances,  has  been  the  result  of  improved 
town  sanitation  by  sewerage.  Too  much  reliance  has  often 
been  placed  in  the  assumed  self-purification  of  rivers.  In 
many  instances,  furthermore,  clear  streams  flowing  through 
the  heart  of  a  city,  have  been  made  the  receptacle  of  all  its 
liquid  wastes,  with  the  result  of  turning  a  once  pure  water 
course  into  an  extremely  foul  open  sewer,  contaminating 
the  air  of  the  town.  This  offensive  practice  cannot  be  too 
strongly  condemned  from  a  sanitary  point  of  view.  The 
experienced  sanitary  engineer  wnll  uphold  the  axiom  that 
in  cities  all  natural  water  courses  must  be  kept  unpolluted. 
Even  the  smallest  open  streams  should,  under  no  circum- 
stances, be  covered  or  arched  over  and  used  as  sewers.  Filth 
should  be  prevented  from  reaching  these  open  streams,  and 
they  should  be  kept  pure  with  plenty  of  water  and  by  a  free 
circulation  of  air,  and  may,  by  proper  rectification,  be  used 
to  serve  as  a  natural  embellishment  of  a  city. 

Regarding  larger  water  courses  flowing  past  a  city,  the 
question  whether  or  not  sewers  may  discharge  directly  into 
them  depends  upon  a  number  of  factors  which  must  be 
carefully  considered  by  the  engineer.  A  certain  amount  of 
self-purification  is,  no  doubt,  always  going  on,  due  largely 
to  the  sedimentation  or  subsidence,  to  oxidation  and  aera- 
tion and  to  dilution ;  and  with  this  in  view  there  is  a  certain 
degree  of  permissible  pollution.  Speaking  generally,  the 
larger  the  volume  of  the  water  course,  and  the  greater  its 
velocity  of  current,  the  more  sewage  can  be  admitted  to 
it  without  danger  of  undue  pollution.  The  condition  of  the 
water  course  before  it  reaches  the  towm  should  also  be  con- 
.sidered,  but  the  chief  question  will  always  be  whether  the 
-water  of  the  river  is,  or  may  in  the  future  be,  used  at  a  point 
below  the  sew^er  outfall  as  a  source  of  potable  water.  In 
that  case  the  direct  discharge  of  unpurified  sewage  should 
never  be  permitted,  for  the  preservation  of  the  purity  of 
water  used  for  public  water  supply  is  of  paramount  import- 
ance. We  may  even  go  a  step  further  and  demand  a  cer- 
tain amount  of  purification  of  sewage,  before  discharge  into 
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rivers  or  lakes,  in  order  to  keep  these  inoffensive  even  where 
they  are  not  drawn  upon  to  supply  the  drinking  water, 
making  the  required  degree  of  purification  variable  accord- 
ing to  the  circumstances  of  each  case.  vSmall  lakes,  stag- 
nant ponds,  coves,  bays  or  inlets  should  never  be  used  as 
receptacles  for  town  sewage.  In  manufacturing  districts 
difficulty  often  arises  from  chemical  wastes,  and  from  the 
fact  that  the  volume  of  water  of  the  stream  is  considerably 
reduced  on  account  of  the  flumes  which  divert  part  of  the 
water  to  use  it  as  motive  power.  On  the  other  hand,  arti- 
ficial dams,  like  rapids  and  natural  waterfalls,  aid  the  puri- 
fication by  aeration  and  oxidation. 

SEWAGE    DISPOSAL. 

The  question  of  the  proper  disposal  of  the  sewage  of 
populous  places  is  one  of  the  most  important,  and  often 
difficult,  problems  which  the  sanitary  or  municipal  engineer 
encounters.  In  many  sewered  cities  of  Europe,  particu- 
larly in  the  case  of  inland  towns,  sewage  purification  sys- 
tems have  long  ago  been  devised  and  adopted,  while  in  the 
United  States  the  difficulty  is  only  beginning  to  be  appre- 
ciably felt  with  the  increasing  pollution  of  our  rivers.  A 
direct  discharge  of  sewage  into  a  water  course  or  into  lakes 
and  tidal  rivers  is  seldom  permissible.  Even  the  casting 
away  of  crude  sewage  into  the  sea  can  only  be  counten- 
anced under  special  conditions,  as  it  quite  often  leads  to  a 
defilement  of  the  beaches,  and  tends  to  create  mud-bars  and 
silts  up  the  navigable  channels  at  the  entrance  of  harbors. 
Frequently  the  argument  is  used  against  this  method  of 
disposal,  that  it  is  a  waste  of  fertilizing  materials.  It  should 
be  said,  however,  that  none  of  the  methods  of  sewage  dis- 
posal can  be  carried  out  with  a  view  to  financial  gain.  The 
purification  of  the  sewage  is,  in  all  cases,  the  chief  object. 

The  methods  of  purifying  sewage  may  be  divided  into 
natural  and  artificial  methods.  To  the  former  belong  the 
simple  sedimentation  or  subsidence,  filtration  through  soil 
and  broad  surface  irrigation.  Among  artificial  methods,  I 
mention  the  simple  straining  of  sewage,  mechanical  filtra- 
tion,  chemical   precipitation,   aeration   processes,    and   the 
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purification  by  electrical  currents.  Quite  often  a  combina- 
tion of  two  of  these  methods  is  adopted,  and  it  is  impos- 
sible to  say,  in  a  general  way,  which  is  the  method  that  will 
yield  the  best  success.  The  sanitary  engineer  must  study 
each  problem  separately  and  use  sound  judgment  in  select- 
ing a  method  best  adapted  to  the  existing  conditions.  Cer- 
tain scientific  experiments,  however,  and  the  actual  experi- 
ence gained  in  cities  having  various  processes  in  operation 
will  serve  as  a  useful  guide. 

Simple  sedimentation  or  subsidence  is  a  slow  method 
which  rarely  effects  more  than  a  mere  clarification  of  the 
sewage,  and  removes  none  of  the  matters  in  solution. 
This  is  also  true  of  the  cruder  methods  of  straining  or  fil- 
tering sewage  in  mechanical  filters,  and  these  processes  may 
be  considered  rather  useful  as  preliminary  methods  to  be 
followed  by  broad  irrigation  or  intermittent  downward  fil- 
tration. Chemical  precipitation  consists  in  the  addition  of 
certain  chemicals,  such  as  lime,  or  sulphate  of  alumina,  or 
salts  of  iron,  which  act  as  precipitants,  causing  the  sus- 
pended matters  and  a  part  of  the  dissolved  impurities  to  be 
removed.  The  precipitation  takes  place  in  large  sewage 
tanks,  and  is  effected  in  a  variety  of  ways.  In  some  the 
sewage  comes  to  a  complete  rest  for  several  hours,  and  this 
method  requires,  therefore,  a  large  number  of  tanks.  Or 
the  sewage,  after  the  addition  of  the  chemicals,  is  made  to 
move  slowly  through  shallow  tanks,  or  it  is  compelled  to 
follow  up  and  down  movements  in  the  same.  Finally, 
instead  of  large  shallow  tanks,  deep  upright  tanks,  cylinders 
or  wells,  placed  either  above  or  below  the  ground,  are  used 
in  certain  chemical  precipitation  processes.  None  of  the 
numerous  chemical  processes  effect  a  complete  removal  of 
all  foul  matters,  and  where  the  effluent  is  required  to  be  very 
pure,  the  chemical  method  is  often  supplemented  by  irriga- 
tion over,  or  filtration  through,  soil.  In  all  precipitation 
processes  a  new  difficulty  arises  on  account  of  the  unavoid- 
able accumulation  of  sewage  sludge,  which  contains  a  large 
percentage  of  water.  This  sludge  must  be  dried,  either  by 
spreading  it  out  on  well-underdrained  land,  or  by  pressing 
it  in  filter  presses.     The  sludge  cakes  have  some  value  as 
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manure,  but  a  financial  return  from  their  sale  is  seldom 
realized.  In  some  cities,  the  solid  house  and  street  refuse 
is  mixed  with  the  sludge  and  burned  in  garbage-cremating 
furnaces. 

In  the  natural  method  of  sewage  disposal,  sewage  is 
made  to  flow  either  over  or  through  land  prepared  for  the 
purpose,  and  an  excellent  degree  of  purification  is  usually 
attained.  Sewage  irrigation  over  cultivated  land  is  assisted 
during  part  of  the  year  by  the  vegetation,  the  cultivation 
of  certain  crops  on  the  sewage  disposal  field  being  perfectly 
feasible.  The  difficult  feature  of  the  system  is  the  need  of 
large  areas  of  well-drained  land.  Near  cities  these  are  not 
always  available,  or  when  they  are  to  be  found  they  require 
a  large  outlay  of  money.  Irrigation  and  filtration  through 
soil  also  involve  the  constant  need  of  manual  labor. 

Aeration  processes  are  seldom  adopted,  although  the 
oxidation  of  the  organic  matters  in  sewage,  either  by 
forcing  air  through  it,  or  by  causing  it  to  run  over  a  series 
of  terraces  or  waterfalls,  or  by  dripping  it  down  on  wire 
meshes,  appears  to  be  practicable. 

The  treatment  of  sewage  by  electricity  was  introduced 
experimentally  in  England  several  years  ago  ;  more  recently 
it  has  been  tried  in  the  United  States  on  a  small  scale,  but 
sufficient  practical  experience  is  not  yet  available  to  permit 
definite  conclusions  to  be  formed  as  to  the  results  to  be 
attained  by  the  process. 

[  To  be  concludedJ] 


NOTES  AND  COMMENTS.^ 


THE  REGULAR  SPEED  OF  OCEAN  LINERS. 

The  following  interesting  facts  are  gleaned  from  the  Scientific  American  : 
The  records  of  the  Foreign  Mail  Bureau  of  the  Post  Office  Department 
show  that,  as  an  ordinary  thing,  the  ocean  packets  are  almost  as  regular  in 
their  departures  and  arrivals  as  railroad  trains,  and.  considering  the  distance 
they  travel,  even  more  so.  The  science  of  navigation  has  been  reduced  to 
such  accuracy  that  they  may  be  expected  almost  upon  the  hour.  Take,  for 
example,  the  Ca?npa?tia,  of  the  Cunard  Line.     In  1893  she  made  eight  trips, 

*  From  the  Secretary's  monthly  reports. 
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and  her  average  voyage  was  5  days,  20  hours  and  18  minutes.  In  1894 
she  made  ten  trips,  and  her  average  was  5  days,  20  hours  and  17  minutes; 
only  one  minute  less  in  1894  than  in  1893  in  a  voyage  of  2,770  miles  in  all 
sorts  of  wind  and  weather.  Nor  is  this  exceptional.  The  Teutonic,  of  the 
White  Star  Line,  made  twelve  trips  in  1893,  on  an  average  time  of  6  days,  4 
hours  and  8  minutes.  In  1894  she  made  eleven  trips,  and  her  average  was  just 
a  trifle  slower — 6  days,  4  hours  and  17  minutes.  The  Elruria  is  a  little  more 
irregular.  Her  average  in  1893  was  6  days,  6  hours  and  47  minutes.  In  1894 
it  was  6  days,  7  hours  and  28  minutes. 

The  Havel,  of  the  North  German  Lloyd  Company,  made  ten  trips  in 
1893,  with  an  average  of  7  days,  7  hours  and  38  minutes  for  a  distance  of 
3  080  miles,  from  the  Needles  to  Fire  Island.  In  1894  she  made  nine  trips, 
with  an  average  of  7  days,  7  hours  and  24  minutes.  The  Fi'irst  Bismarck, 
of  the  Hamburg  Line,  made  nine  trips  in  1893.  Her  average  for  the  year 
for  a  voyage  of  3,080  miles,  was  7  days  and  15  minutes.  In  1894  she  made 
six  trips,  and  her  average  w^as  7  days  and  54  minutes.  The  Columbia  made 
nine  trips  in  1893,  with  an  average  time  of  6  days,  22  hours  and  12  minutes- 
In  1894  she  made  six  trips,  with  an  average  of  6  days,  22  hours  and  8 
minutes. 

The  New  Yo^k,  of  the  American  Line,  though  not  the  fastest,  has  the 
best  record  for  regularity  of  any  of  the  Atlantic  fleet.  Her  average  time  has 
not  varied  for  years,  and  she  can  be  expected  almost  on  the  minute  every 
voyage.  She  has  crossed  the  Atlantic  more  times  and  has  carried  more  pas- 
sengers than  any  other  steamer  of  her  age,  and  has  been  more  regular  about 
il.  The  Xew  York  made  fourteen  trips,  west  bound,  in  1893,  with  an  average 
time  of  6  days,  21  hours  and  31  minutes.  In  1894  she  made  fifteen  trips, 
west  bound,  with  an  average  6f  6  days,  21  hours  and  45  minutes.  Her  sail- 
ing distance  was  2,770  miles.  In  1893  she  made  thirteen  trips,  east  bound, 
with  an  average  of  6  days,  20  hours  and  30  minutes,  which  was  just  one 
minute  faster  than  her  west  bound  time  that  year.  In  1894  she  made  fifteen 
trips,  with  an  average  time  of  6  days,  20  hours  and  24  minutes.  Therefore, 
in  crossing  the  ocean  fifty-seven  times  in  both  directions,  at  all  seasons  of  the' 
year,  her  widest  variation  for  two  years  was  only  i  hour  and  21  minutes.  The 
old  City  of  Chester,  also  of  the  American  Line,  is  another  steady  boat,  her 
.average  being  9  days,  15  hours  and  11  minutes  in  1893  and  9  days,  15  hours 
and  28  minutes  in  1894. 


Electrolytic  Production  of  Caustic  Soda  and  Chlorine  from 
Common  Salt — Extensive  works,  says  Le  Genie  Civil,  have  recently  been 
established  at  Oldbury,  near  Birmingham,  England,  for  the  electrolytic  pre- 
paration of  chlorine  and  caustic  soda  from  salt. 

The  elementary  apparatus  is  a  pan  about  6  feet  in  length,  3  in  width,  and 
6  inches  in  depth,  divided  into  three  longitudinal  compartments  by  partitions 
which  do  not  touch  the  bottom.  To  these  receptacles  there  is  given  a  con- 
tinuous slight  horizontal  motion  in  order  to  cause  the  circulation  of  a  layer  of 
mercury  which  covers  the  bottom.     In  the  lateral  compartments  there  is  a 
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saturated  solution  of  common  salt,  which  is  continuously  renewed,  and  into 
which  enter  anodes  of  compressed  carbon.  A  lead  cover  closes  the  compart- 
ments and  communicates,  by  means  of  piping,  with  a  collector,  which  leads 
the  chlorine  to  the  places  where  it  is  to  be  used. 

The  central  compartment  is  provided  with  iron  cathodes,  and  in  it  there 
circulates  a  continuous  current  of  water,  which  carries  the  caustic  soda  to  a 
concentration  of  about  20°. 

The  electrolytic  pans  having  been  connected  in  series,  there  is  sent  into 
them  a  current  of  550  amperes,  at  four  volts  to  each  pan.  Under  the 
action. of  this  current,  the  chloride  of  sodium  is  decomposed.  The  chlori-ne, 
mingled  with  traces  of  hydrogen  (from  three  to  five  per  cent.,  on  an  average), 
is  sucked  up  by  aspirators,  while  the  sodium  dissolves  in  the  mercury,  form- 
ing a  cathode.  The  amalgam  of  sodium  is  decomposed,  in  turn,  in  the  central 
compartment ;  the  sodium  reacts  upon  the  water  and  becomes  converted  into 
caustic  soda,  and  this  action  produces  a  strong  electric  current  which  reinforces 
the  general  current.  Up  to  the  present  no  effort  has  been  made  to  collect 
the  hydrogen. 

The  solution  of  caustic  soda  is  kept  at  a  density  of  about  twenty  per 
cent.,  and  in  this  state  is  sent  to  evaporators,  where  it  is  concentrated  into 
blocks  that  contain  99' 5  per  cent,  of  pure  caustic  soda. 

The  establishment  contains  thirty  pans,  which  permit  of  the  daily  pro- 
duction of  1,300  pounds  of  caustic  soda  and  1,100  of  liquid  chlorine. 


THE  COST   OF   POWER   AT  NIAGARA. 

The  representatives  of  many  established  industries,  and  of  not  a  few  new 
enterprises,  throughout  the  country,  are  anxiously  awaiting  the  starting  into 
operation  of  the  great  electric  power  transmission  plant  at  Niagara,  to  learn 
from  the  experience  of  that  important  enterprise  what  may  be  expected  to  be 
realized  from  the  utilization  of  water-powers  elsewhere.  The  success  of  the 
Niagara  plant  will  signalize  the  beginning  of  a  large  number  of  enterprises, 
more  or  less  ambitious,  of  the  same  nature,  throughout  the  country. 

The  following  article,  from  a  recent  impression  of  the  Xew  York  Tribune, 
contains  some  information  bearing  on  the  subject,  which  will  be  read  with 
interest : 

The  company  which  has  undertaken  to  develop  electricity,  at  Niagara,  on 
a  large  scale,  for  manufacturing  and  other  purposes,  has  acquired  more  real 
estate  there  than  it  needs  for  its  own  use,  in  order  to  furnish  sites  to  such  of 
its  customers  as  wish  to  establish  their  business  close  to  the  source  of  their 
mechanical  power  supply.  But  the  public  has  been  led  to  expect  that  in  addi- 
tion to  serving  local  interests,  the  company  would  also  furnish  electricity  to 
places  scores,  if  not  hundreds,  of  miles  away,  and  there  has  been  much 
speculation  as  to  the  feasibility  of  carrying  such  plans  into  effect.  Owing  to 
her  proximity  to  the  Falls  and  her  great  size  and  industrial  activity,  Buffalo 
has  been  regarded  as  the  first  center  of  population,  removed  from  Niagara, 
to  be  provided  for.     It  is  not  yet  quite  clear  whether  that  city  feels  that  it  is. 
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enjoying  a  privilege  or  conferring  a  favor  in  letting  the  Power  Company  invade 
its  precincts.  Perhaps  she  has  not  determined  that  point  herself.  The  matter 
is  evidently  still  under  consideration.  In  reply  to  some  inquiries  from  repre- 
sentative Buffalonians,  the  Power  Company  recently  offered  the  following 
terms  :  It  would  let  the  municipality  or  a  private  corporation  come  to  Niagara, 
take  water  from  the  Power  Company's  canals  at  the  rate  of  $io  a  horse-power, 
and  manufacture  its  own  electricity  ;  or  it  would  furnish  power  off  the  turbine 
shafts  at  jj5i3,  or  electricity  at  the  power-house  at  $i8.  But  if  the  Power  Com- 
pany undertook  to  do  anything  of  this  sort,  it  would  not  contract  to  deliver 
less  than  10,000  horse-power;  hence,  Buffalo  must  agree  to  take  at  least  that 
much  or  none  at  all.  The  Niagara  people  would  not  accept  a  franchise  to  ope- 
rate a  line  to  and  in  Buffalo  for  a  shorter  time  than  that  for  which  its  own  bonds 
have  been  issued.  No  price  is  given  for  electricity  delivered  at  a  central 
station  in  the  suburbs  of  that  city,  fifteen  miles  from  the  Falls,  so  that  the 
company's  own  estimate  of  the  probable  waste  and  cost  of  transmission  is 
still  withheld.  There  would  be  four  kinds  of  losses  :  (i)  In  transforming  at 
the  power  house  up  to  a  high  voltage,  (2)  on  the  line,  (3)  in  transforming  down 
at  Buffalo,  and  (4)  in  distribution  over  street  lines  to  consumers.  These  could 
not  well  amount  to  less  than  twenty  or  thirty  per  cent,  altogether,  and  they 
might,  perhaps,  reach  fifty  or  sixty  per  cent.  But  if,  for  example,  they 
amounted  to  just  one-half,  the  ^18  rate  at  the  generator  shaft  would  mean  $36 
to  the  consumer,  without  adding  anything  either  for  interest  on  the  cost  of  the 
transmission  plant  or  for  operating  expenses.  This,  however,  is  probably  an 
extravagant  estimate.  The  prices  actually  given,  by  the  way,  are  for  a 
twenty-four  hour  daily  supply.  Some  establishments  require  power,  how- 
ever, for  only  ten  or  eleven  hours.  Whether  it  would  pay  to  put  in  storage 
batteries  to  utilize  the  surplus  is  a  question  which  their  managers  must  natu- 
rally consider.  Richard  Hammond  writes  to  the  Buffalo  Courier  to  say 
that  steam-power,  on  a  scale  of  1,000  horse-power,  for  ten  hours  daily,  can  be 
generated  in  Buffalo,  where  coal  is  very  cheap,  for  $21  per  horse-power.  The 
Power  Company,  however,  denies  this,  and  estimates  the  cost  at  $32,  besides 
quoting  various  experts  as  estimating  the  cost  on  a  twenty-four  hour  basis  at 
between  $45  and  $60.  In  some  other  cities,  where  coal  is  more  expensive,  it 
is  said  to  be  from  $60  to  $75.  If,  after  this  discussion,  Buffalo  decided  neither 
to  buy  on  the  terms  offered,  nor  to  let  the  Power  Company  bring  in  its  own 
lines  and  supply  the  market,  more  distant  cities  may  possibly  be  deterred  by 
her  example  from  patronizing  the  Niagara  concern  ;  but  as  the  latter  supplies 
its  local  customers  with  electricity  at  $20  per  horse-power,  in  large  quantities, 
there  may  be  a  greater  industrial  development  at  the  Falls  than  would  other- 
wise result. 


PRODUCTION  OF  SLATY  CLEAVAGE  IN  AMORPHOUS  CELLULOSE. 

About  a  year  ago  the  Journal  printed  an  account  of  the  interesting  dis- 
covery by  Messrs.  Cross,  Bevan  and  Beadle,  of  certain  derivatives  of  cellu- 
lose, which  appeared  to  be  adapted  to  many  useful  purposes  in  the  arts.  The 
expectations  of  the  discoveries  in  this  respect  promise  to  be  fully  realized. 
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In  connection  with  the  development  of  the  discovery  in  its  numerous 
practical  applications,  Mr.  Clayton  Beadle  made  the  following  singular  obser- 
vation, which  he  has  communicated  to  the  L7ienu\a/  Xews,  viz. : 

A  cellulose  coagulum  obtained  by  the  spontaneous  decomposition  of  cellu- 
lose thiocarbonate  when  cut  in  sections  by  a  knife,  can  be  readily  freed  from 
by-products  by  suspending  the  sections  in  water.  The  sheets  so  obtained 
consist  of  15  per  cent,  of  cellulose  and  85  per  cent,  of  water  of  hydration. 
They  are  of  a  soft,  flexible  nature,  like  rubber.  We  find  that  the  dehydration 
can  be  effected  by  the  application  of  high  pressure,  and  that  a  compact,  horny 
sheet  can  be  obtained  by  this  means,  containing  10  per  cent,  of  atmospheric 
moisture.  The  original  coagulum  is  homogeneous  ;  but,  on  the  application  of 
pressure,  under  certain  conditions,  it  is  found  to  exhibit  slaty  cleavage.  On 
tearing,  the  edge  of  the  film  is  found  to  consist  of  lamina;  of  uniform  thick- 
ness. By  varying  the  mode  of  applying  the  pressure  and  other  conditions  of 
treatment,  it  appears  the  laminae  may  be  made  to  vary  in  thickness.  Some- 
times the  films  are  found  to  consist  of  two  laminae  of  equal  thickness,  and 
sometimes  of  a  number.  Films  may  be  obtained  which  do  not  appear  to 
exhibit  this  property.  It  appears  that  when  the  material  is  dehydrated  by  the 
application  of  pressure,  that  it  does  not  always  tend  to  compact  itself  with 
one  film,  but  often  into  laminae,  and  that  their  thickness  varies  with  the  con- 
ditions of  the  pressure.  In  order  to  avoid  slaty  cleavage  in  the  production 
of  these  films,  it  is  necessary  to  press  under  conditions  that  would  tend  to  give 
rise  to  laminae  of  a  thickness  greater  than  that  of  the  ultimate  film  obtained. 
Slaty  cleavage  maybe  very  much  increased  by  passing  the  dry,  thick  sheets 
a  large  number  of  times  under  high  pressure  between  iron  rollers. 


IRON  AND  STEEL  PRODUCTION  IN  THE  UNITED  STATES 

IN   1894. 

The  annual  report  of  the  American  Iron  and  Steel  Association  shows  that 
the  shipments  of  iron  ore  from  the  Lake  Superior  mines,  in  1894,  amounted 
to  7,748,932  gross  tons,  against  6,060,492  tons  in  1893,  an  increase  of  1,688,440 
tons.  Our  imports  of  iron  ore  in  1894  amounted  to  167,307  gross  tons,  against 
526,951  tons  in  1893,  a  decrease  of  359,644  tons.  The  imports  in  1894  were 
the  smallest  since  1878. 

The  production  of  pig  iron  in  1894  was  6,657,388  gross  tons,  against 
7,124,502  tons  in  1893,  a  decrease  of  467,114  tons.  The  production  in  the 
first  half  of  1894  was  2,717,983  tons,  and  in  the  last  half  3,939,405  tons.  Of 
the  total  production  in  1894  only  222,422  tons  were  made  with  charcoal  and 
only  120,075  tons  with  anthracite  alone.  Of  the  total  production  3,808,567 
tons,  or  over  57  per  cent.,  were  of  Bessemer.  In  1893  the  Bessemer  pig  iron 
produced  was  about  50  per  cent,  of  the  total  production.  The  imports  of  pig 
iron  in  1894  amounted  to  15,582  gross  tons,  which  was  the  smallest  annual 
importation  of  which  we  have  any  record.  The  largest  annual  production 
•of  pig  iron  in  the  United  States  was  in  1890,  when  it  amounted  to  9,202,703 
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gross  tons.  In  i892the  next  largest  production  was  attained,  namely,  9,  i  57,- 
000  tons. 

The  production  of  Bessemer  steel  ingots  in  1894  was  3,571,313  gross  tons, 
against  3,215,686  tons  in  1893,  an  increase  of  355,627  tons.  Of  the  total  pro- 
duction in  1894,  1,664,954  tons  were  produced  in  the  first  half  of  the  year, 
and  1,906,359  tons  in  the  second  half.  The  largest  production  of  Bessemer 
steel  ingots  yet  attained  in  this  country  was  in  1892,  when  4,168,435  tons 
were  made.  The  production  of  open-hearth  steel  ingots  and  direct  castings 
in  1894,  was  784,936  gross  tons,  against  737,890  tons  in  1893,  an  increase  of 
47,046  tons.  The  production  of  crucible  steel  ingots  in  1894  was  51,702  gross 
tons,  against  63,613  tons  in  1893,  a  decrease  of  11,911  tons. 

The  production  of  all  kinds  of  rails  in  1894  was  1,021,772  gross  tons, 
against  1,136,458  tons  in  1893,  a  decrease  of  114,686  tons.  Included  in  the 
above  total  of  rails  produced  in  1894  were  157,457  tons  of  street  and  electric 
rails,  against  a  similar  production  in  1893  of  133,423  tons,  showing  an  increase 
in  1894  of  24.034  tons.  The  production  of  rails  reached  its  maximum  in 
1887,  when  2,139,640  gross  tons  were  made.  The  production  of  iron  and 
steel  structural  shapes  in  1894,  not  including  plate  girders,  was  505,901  gross 
tons,  against  387,307  tons  in  1893  and  453,957  tons  in  1892.  The  produc- 
tion of  plate  and  sheet  iron  and  steel  in  1894,  excluding  nail  plate  and  also 
excluding  skelp  iron  and  steel,  amounted  to  682,900  gross  tons,  against  674,- 
345  tons  in  1893  and  751,460  tons  in  1892. 

The  production  of  wire  rods  in  1894  was  673,402  gross  tons,  against  537,- 
272  tons  in  1893  and  627,829  tons  in  1892.  The  production  of  wire  nails  in 
1894  was  5,681,801  kegs  of  100  pounds,  against  5,095,945  kegs  in  1893,  an 
increase  of  585,856  kegs.  The  production  of  cut  nails  and  cut  spikes  in 
1894  was  2,425,060  kegs,  against  3,048,933  kegs  in  1893,  a  decrease  of  623,- 
873  kegs. 


BOOK  NOTICES. 


Ethics  of  Literature. — By  John  A.  Kersey,  Marion,  Ind.     Author,  1894. 

In  many  respects  this  production  is  a  remarkable  one,  and,  on  its  merits, 
deserves  to  be  accorded  a  permanent  place  in  the  annals  of  our  contempora- 
neous literature.  The  author,  evidently,  has  been  not  only  an  omniverous 
reader,  but,  also,  unlike  most  of  that  genus,  shows  himself  to  be  a  thoughtful, 
original  and  discriminating  critic. 

His  ethics  may,  perhaps,  best  be  described  as  a  stout  protest  against  the 
prevalence  of  intellectual  cant  and  fraud,  which  has  its  origin  in  the  blind 
and  stupid  acceptance  of  authority,  as  the  substitute  for  the  exercise  of  indi- 
vidual judgment. 

The  author's  grievance,  unfortunately,  is  as  ancient  as  history,  and  will 
doubtless  continue  to  the  end  of  time,  to  give  the  free  thinker  in  philosophy, 
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science  and  religion,  his  justification  for  running  amuck  among  the  men  and 
things  that  evoke  his  inspired  fury. 

Even  the  most  independent  in  thought  among  us  will  find  himself  the  bet- 
ter for  the  sort  of  mental  shaking-up  and  brushing  away  of  cobwebs,  to 
which  Mr.  Kersey  treats  us.  For  it  is  a  lamentable  truth  that  most  of  us  are 
altogether  too  willing  to  accept  opinions  at  second-hand,  provided  that  they 
bear  the  trade-mark  of  respectability.  It  is  much  less  tiresome  to  drift 
with  the  current  than  to  swim  against  it. 

The  onset  of  this  free  lance,  therefore,  has  the  refreshing  interest  of 
novelty,  and  the  reader  rises  from  the  perusal  of  a  chapter  of  the  ethics  with 
the  feeling  of  mental  stimulation.  Now,  the  reader  is  conscious  of  a  rude 
shock  to  tender  sensibilities,  as  some  keen  thrust  of  the  author  pierces 
through  an  armor  believed  to  be  of  proof;  and  again  he  is  gratified  to  find 
his  own  half-formed  convictions  strengthened  or  confiimed  by  the  author's 
deft  and  subtle  analysis,  or  by  some  incisive  criticism  or  brilliant  flash  of 
satire.  W. 


n-actical  Telegraphy:  A  book  for  self-instruction.  By  F.  E.  Wessels, 
E.S.,  Philadelphia.     Author,  1895.     Price,  50  cents. 

The  object  of  this  pamphlet,  as  declared  on  the  title  page,  is  to  furnish  the 
would-be  telegrapher  a  practical  manual  for  self-instruction.  The  author, 
after  giving  a  short  sketch  of  the  work  of  Morse,  proceeds  to  the  considera- 
tion of  the  fundamental  principles  of  the  electric  telegraph,  and  the  mode  of 
action  and  care  of  batteries. 

Following  these  come  very  full  instructions  in  the  practice  of  the  art  of 
telegraphy,  with  illustrations  of  forms  used  in  commercial  and  railroad  work, 
tables  of  abbreviations,  etc.  The  booklet  appears  well  adapted  for  its 
intended  purpose.  ^^'^• 


Franklin    Institute. 


[Proceedings  of  the  stated  ?neeting,  held  Wednesday,  May  ij,  /Sqj.'] 

Hall  of  the  Franklin  Institute, 
Philadelphia,  May  15,  1895. 

Mr.  H.  R.  Heyl,  Vice-President,  in  the  chair. 

Present,  seventy-three  members  and  seventeen  visitors. 

Additions  to  membership  since  last  report,  seventeen. 

The  Secretary  reported  progress  on  behalf  of  the  special  committee  on 
International  Standard  for  Screw-threads. 

The  paper  of  the  evening  was  read  by  Mr.  Arthur  Kitson,  member  of  the 
Institute,  on  the  "Ball  Nozzle,*'  a  new  invention  for  spraymg  water,  devised 
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by  Mr.  Charles  V.  Pollock,  of  New  York.  Mr.  Kitson  gave  an  account  of  the 
construction  of  the  device  and  of  the  various  uses  to  which  it  has  been 
applied,  and  offered  an  explanation  of  the  principle  of  its  operation.  The 
subject  evoked  considerable  discussion.  The  speaker  illustrated  his  remarks 
by  exhibiting  a  number  of  ball  nozzles  applied  to  firemen's  hose,  lawn 
sprinklers,  etc.,  and  showed  one  of  the  smaller  sizes  of  nozzles  in  operation. 

On  Mr.  Colvin's  motion,  numerously  seconded,  the  meeting  passed  a 
vote  of  thanks  to  Mr.  Kitson  for  his  interesting  communication. 

On  Mr.  Chorman's  motion,  which  was  also  numerously  seconded,  the 
subject  of  Mr.  Pollock's  invention  was  referred  to  the  Committee  on  Science 
and  the  Arts  for  investigation  and  report. 

The  Chairman  made  some  remarks  apropos  to  the  new  building  plan,  on 
which  the  Board  of  Managers  is  seriously  engaged;  giving  an  account  of  the 
steps  which  have  thus  far  been  taken  to  carry  the  plan  into  effect. 

The  Secretary  presented  his  monthly  report,  of  which  an  abstract  appears 

in  the  Journal. 

Adjourned. 

Wm.  H.  Wahl,  Secretary. 


\ 


PENNSYLVANIA  STATE  WEATHER  SERVICE, 

UNDER  THE  DIRECTION  OF  THE  FRANKLIN  INSTITUTE, 

CO-OPERATINQ    WITH    THE 

UNITED  STATES  DEPARTMENT  OF  AGRICULTURE,  WEATHER  BUREAU. 

T.  F.  TowNSEND,  Weather  Bureau,  Obskrver  in  Charge. 


MONTHLY  WEATHER  REVIEW. 
For  January,  1895. 


Hall  of  the  Franklin  Institute, 

Philadelphia,  January  31,  1895. 

GENERAL    REVIEW. 

The  average  temperature  for  January,  1895,  24°'2,  is  4°"4  below  the 
average  [28°'6]  for  the  past  seven  years. 

Most  of  the  highest  recorded  temperatures  occurred  on  the  7th,  i  ith  and 
2ist,  and  were  as  follows:  Pittsburgh,  58°;  Uniontown,  58°;  Lancaster,  57°; 
Erie,  55°;  Philadelphia,  55°,  and  Immel  Reservoir,  55°. 

The  lowest  were  on  the  ist,  5th,  13th,  14th,  27th,  28th  and  31st:  Empo- 
rium, minus  17°;  Smethport,  minus  16°;  Wellsboro,  minus  16°;  Shingle 
House,  minus  15°;  Lewisburg,  minus  15°,  and  Dyberry,  minus  15°. 

From  January  i,  1895,  to  January  31,  1895,  the  accumulated  deficiency 
in  daily  mean  temperature  at  Philadelphia  was  48°;  at  Erie,  70°,  and  at 
Pittsburgh,  83°. 

For  the  same  period  the  excess  in  precipitation,  in  inches,  at  Philadel- 
phia, was  ri5  ;  Pittsburgh,  o'93,  and  a  deficiency  at  Erie  of  o"oi. 


TEMPERATURE. 


Mean 
Mea  n  Precipitation , 


Temperature.  Inches. 

January,     1888 22°-i  4-19 

1889, 3i''-9  3'54- 

1890, 37°7  3*04 

1891 3o°'6  3-64 

1892 26°-3  477 

1893 i9°-3  -*85 

1894, j2'''7  2  29 

1895, 24°-2  4-17 


The  means  of  the  daily  maximum  and  minimum  temperatures,  32''8  and 
i5°-5,  respectively,  give  a  monthly  mean  of  24''-3,  which  is  8°-5  below  the 
corresponding  month  of  1894. 

The  average  daily  range  was  I7°'3. 

Highest  monthly  mean,  3o°-8  at  Philadc/phia  [Centennial  Avenue]. 

Lowest  monthly  mean,  i6°8  at  Shingle  House. 

Highest  temperature  recorded  during  the  month,  58°  on  the  21  si  at 
Pittsburgh  and  Uniontown. 

Lowest  temperature,  minus  17°  on  the  31st  at  Emporium, 

Greatest  local  monthly  range,  65°  at  Cassandria  and  Uniontown. 

Least  local  monthly  range,  41°  at  Coopersburg. 

Greatest  daily  range,  51°  at  Saegerstown. 

PRECIPITATION. 

The  average  precipitation  for  the  State,  for  the  month,  417  inches,  is  070 
inches  more  than  the  average  [3*47]  for  the  last  seven  years. 

General  precipitation  (mostly  snow)  occurred  on  the  6th,  7th,  8th,  9th, 
loth,  nth,  13th,  i6th,  21st,  22d,  26th  and  29th. 

The  average  snowfall  during  the  month  was  I4"2  inches,  and  107  inches 
remained  on  the  ground  at  the  end  of  the  month. 

The  largest  totals  of  snowfall  in  inches  were  :  Somerset,  32  ;  Lock  Haven, 
29;  Grampian,  28;  Cassandria,  27  ;  Emporium,  26,  and  Wellsboro,  25. 

The  largest  monthly  totals  of  rainfall  and  melted  snow  in  inches  were  : 
Somerset,  6-36;  Smethport,  5*90 ;  Hamburg,  5*82  ;  Hollidaysburg,  574; 
Pottstown,  5-65,  and  Phoenixville,  5'47. 

The  least  were  :  Shingle  House,  1*83  ;  Towanda,  r95  ;  South  Eaton,  2-35  ; 
Dyberry,  2*95  ;  Confluence,  298,  and  Chambersburg,  3*00. 

WIND   AND    WEATHER. 

The  prevailing  wind  was  from  the  West. 

Average  number:  rainy  days,  13;  clear  days,  7;  fair  days,  10;  cloudy 
days,  14. 

BAROMETER. 

The  mean  pressure  for  the  month,  30*06,  is  about  '04  below  the  normal. 
At  the  United  States  Weather  Bureau  Stations,  the  highest  observed  was 
30*54  at  Erie  on  the  8th,  and  the  lowest  29*24  at  Erie  on  the  26th. 

MISCELLANEOUS    PHENOMENA. 

Thunderstorms. — Hollidaysburg,  5th;  Johnstown,  6th;  Mauch  Chunk, 
26th  ;  Uniontown,  6th  ;  Lebanon,  5th,  26th  ;  South  Bethlehem,  26th  ;  Easton, 
26th;  Aqueduct,  6th  ;  Somerset,  6th  ;  Lewisburg,  6th. 

Hail. — Towanda,  6th,  loth  ;  Emporium,  6th,  loth  ;  Mauch  Chunk,  6th, 
loth  ;  Phoenixville,  6th,  25th  ;  Grampian,  5th  ;  Lock  Haven,  6th,  loth  ;  Car- 
lisle, 6th  ;   Lebanon,   5th,  loth,  i6th  ;  Easton,  6th,  i6th  ;  Dyberry,  6th,  26th. 

Snow. — Hamburg,  29th  ;  Hollidaysburg,  2d,  6th,  loth,  13th,  i6th,  26th, 
28th,  29th  ;  Towanda,  4th,  5th,  6th,  loth,  13th,  14th,  i6th,  17th,  i8th,  22d, 
25th,  29th,  30th;    Quakertown,  3d,  4th,  6th,  8th,  9th,  loth,  13th,  i6th,  19th, 


22d,  23d,  26th,  28th.  29th,  30th;  Cassandria,  2d,  8th,  loth,  13th,  i6th,  19th, 
22d,  23d,  27th,  29th;  Johnstown,  2d.  4th.  8lh,  loth,  nth,  12th,  13th,  14th, 
15th.  i6th,  i8th,  19th,  22d,  23d,  24th,  25th,  26th,  27th,  28th,  29th,  30ih  ;  Em- 
porium, 1st,  3d.  4th,  5th,  6th,  loth,  13th,  14th,  15th,  i6lh,  I7lh,  iSlh,  19th, 
2ist,  22d,  23d,  24th,  25th,  26th,  28lh,  29th,  30th  ;  Mauch  Chunk,  3d,  9th,  loth, 
13th,  i6th,  19th,  26th,  29th  ;  State  College,  2d,  3d,  6th,  8th,  loth,  iilh.  I3lh, 
14th,  i6th,  17th,  18th,  22d,  23d,  25th,  26th,  28ih,  30th;  West  Chester,  9th, 
13th,  29th,  30th;  Coatesville,  3d,  4th,  8th,  9th,  13th,  i6th,  22d,  26th,  29th, 
30th  ;  Kennett  Square,  3d,  8th,  9th,  loth,  13th,  28th,  29th  ;  Phcenixville,  2d, 
3d,  9th,  28th,  29th  ;  Grampian,  2d,  4th,  5th,  loth,  13th,  i6th,  22d,  26th,  29th, 
30th  ;  Lock  Haven,  6th,  loth,  13th,  14th,  i6th,  19th,  21st,  25th,  26th,  29th  ; 
Saegerstown,  ist,  3d,  4th,  9th,  12th,  13th,  14th,  15th,  19th,  23d,  24th,  26th, 
29th  ;  Carlisle.  3d,  8th,  13th,  26th.  29th  ;  Harrisburg,  3d,  8th,  loth,  13th,  19th, 
26th,  28th,  29th  ;  Uniontown,  2d,  4th,  8th,  12th.  13th.  25th.  28th;  Chambers- 
burg,  2d.  8th,  13th,  25th,  28th,  29th;  Huntingdon,  2d,  8th.  loth,  13th,  i6th, 
19th,  22d.  25th,  29th  ;  Lancaster,  2d,  8th,  14th,  17th,  26th,  29th  ;  Lebanon, 
2d,  3d,  8th,  9th,  loth,  13th,  i6th,  I9lh,  22d,  23d,  26th,  28th,  29th,  30th  ; 
Coopersburg,  3d,  4th,  8th,  9th.  13th,  i6th,  29th;  Drifton,  2d,  4th,  loth, 
i6th,  i8th,  27th,  28th;  Wilkes-Barre,  8th,  i6th,  26th,  29th;  Greenville,  3d, 
4th,  6th,  13th,  14th,  24th,  28th;  Pottstown,  3d,  25th.  29th;  South  Bethlehem, 
8th.  i6th.  26th,  28th,  29th;  Easton,  8th,  13th,  i6th,  19th,  26th,  29th,  30th; 
Aqueduct,  2d.  8th,  loth,  13th,  i6th,  19th,  22d,  23d,  25th,  26th,  29th,  30th; 
Philadelphia  [Centennial  Avenue],  3d,  9th,  28th,  29th  ;  Blooming  Grove, 
8th,  loth,  13th,  i6th,  i8th,  29th;  Shingle  House,  2d.  4th,  14th,  i8th,  22d, 
26th;  Somerset,  7th,  9th,  12th.  15th,  18th,  23d,  25th,  26th,  28th,  29th;  Wells- 
boro,  5th,  loth.  J3th,  i6th,  19th,  26th,  28th;  Lewisburg,  13th,  i6th,  19th, 
26th.  28th,  29th  ;  Dyberry,  3d,  4th,  5th,  6th,  8th.  loth,  13th,  14th,  i6th,  19th, 
26th;  Honesdale,  4th,  5th,  6th,  loth,  13th,  i6th,  19th.  26th,  2gth  ;  Salem 
Corners,  4th,  6th.  8th,  9th,  Joth,  13th,  i6th,  17th,  19th,  22d,  23d,  26th,  29th; 
Lycippus,  3d,  13th,  17th,  23d,  29th  ;  South  Eaton,  6th,  loth,  13th.  i6th,  17th, 
23d,  26th,  29th;  York,  2d,  3d,  8th,  9th,  loth,  12th,  13th,  i6th,  19th,  25th, 
28th,  29th. 

Sleet. — Hollidaysburg,  6th,  loth,  20th  ;  Towanda,  6th,  loth,  25th  ;  Cas- 
sandria, 6th,  25th  ;  Johnstown,  5th  ;  Emporium,  6th  ;  Mauch  Chunk,  6th.  loth. 
State  College,  6th  ;  Grampian,  6th  ;  Lock  Haven,  6th,  loth  ;  Saegerstown, 
25th  ;  Lebanon,  5th  ;  Coopersburg,  6th,  i6th  ;  Wilkes-Barre,  25th,  26th  ; 
Greenville,  5th  ;  Aqueduct,  5th,  25th  ;  Philadelphia  [Centennial  Avenue], 
8th,  25th  ;  Somerset,  5th.  25th  ;  Dyberry,  6th,  loth  ;  Honesdale,  26th;  York, 
6th.  loth.  25th. 

Aurora. — Hollidaysburg,  nth;  Le  Roy,  19th;  Saegerstown,  2d. 

Solar  Halo. — Le  Roy,  9th,  28th  ;  Philadelphia  [Centennial  Avenue],  5th, 
7th,  25th. 

Lunar  Halo. — Le  Roy,  9th  ;  Towanda,  2d,  9th  ;  Philadelphia  [Weather 
Bureau],  5th,  15th  ;  [Centennial  Avenue],  5th. 

Meteors. — Philadelphia  [Centennial  Avenue],  29th. 

Parhelias. — Le  Roy,  14th,  24th  ;  Towanda,  24th. 
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HON  FOR   JANUARY,  1895, 


Statr  Weather  Service. 


Jtmt.   Frank.  Inst.,  Vol.  CXXXIX  Af.inh,  j8g.^ 


MEAN  TEMPERATURE,  RAINFALL  AND  PREVAILING  WIND  DIRECTION  FOR  JANUARY,  1895, 


State  Weather  Service. 
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PENNSYLVANIA  STATE  WEATHER  SERVICE, 

UNDER  THE  DIRECTION  OF  THE  FRANKLIN  INSTITUTE, 

CO-OPERATINQ     WITH     THE 

UNITED  STATES  DEPARTMENT  OF  AGRICULTURE,  WEATHER  BUREAU. 

T.  F.  TowNSEND,  Weather  Bureau,  Observer  in  Charge. 


MONTHLY  WEATHER  REVIEW. 
For   February,  1895. 


Hall  of  the  Franklin  Institute, 

Philadelphia,  February  28,  1895. 

general  review. 

The  average  temperature  for  February,  1895,  2o°'2,  is  9°"8  below  the 
average  [3o°'o]  for  the  past  seven  years. 

The  highest  recorded  temperatures  occurred  on  the  27th  and  28th,  and 
were  as  follows:  Pittsburgh,  60°;  Altoona,  56°;  Chambersburg,  56°,  and 
Aqueduct  [Logania]  56°. 

The  lowest  were  on  the  6th :  Emporium,  minus  26°;  Saegerstown, 
minus  25°;     Smethport,   minus    24°;  and  Shingle  House,  minus  23°. 

With  the  exception  of  1885,  this  was  the  coldest  February  in  the  past 
twenty  years.  Not  only  were  unusually  low  temperatures  recorded  on  the  6th, 
but  the  month  was  uniformly  cold.  The  navigation  of  the  Delaware  River 
was  practically  closed  for  days  to  shipping.  By  the  assistance  of  the  city  ice 
boats  the  ferry  boats  were  enabled  to  make  irregular  trips.  Many  persons 
crossed  the  river  on  the  ice  between  Philadelphia  and  Camden. 

From  January  i,  1895,  to  February  28,  1895,  the  accumulated  deficiency 
in  daily  mean  temperature  at  Philadelphia  was  302°;  at  Erie,  328°,  and  at 
Pittsburgh,  395°. 

For  the  same  period  the  deficiency  in  precipitation,  in  inches,  at  Philadel- 
phia, was  069  ;  Erie  2*09,  and  at  Pittsburgh,  roi. 

Note — Crop  correspondents  are  requested  to  resume  their  reports  the  first  week  in  April. 
Blanks  furnished  on  application. 

When  damage  occurs  by  lightning,  observers,  crop  correspondents,  and  others,  are  particularly 
requested  to  furnish  this  office  with  the  following  statistics,  as  soon  thereafter  as  practicable,  viz.: 

Date,  place,  names  of  persons  killed  or  injured,  whether  indoors  or  outdoors  ;  stock,  in  stable  or 
outside;  barns  with  crops  or  without  crops  ;  dwellings,  churches,  etc.  In  each  case  state  whether 
the  buildings  were  with  or  without  lightning  rods,  together  with  any  other  data  of  interest  or  scientific 
value.  Newspaper  clippings  containing  information  of  this  nature  requested.  Special  cards  for  report 
furnished  on  application. 


TEMPERATURE. 

Mean 
Mean  Precipitation, 

Temperature.  Inches. 

February,  1888, 28°-4  2-50 

1889, 23°-o  1-96 

1890, 37°- 1  4-32 

1891, 34°'9  4'6i 

1892 3i°7  175 

1893 27°-4  5-92 

1894. 27°-6  353 

1895, 20°-2  1-22 

The  means  of  the  daily  maximum  and  minimum  temperatures,  29°6  and 
io''8,  respectively,  give  a  monthly  mean  of  20°'2,  which  is  7°*4  below  the 
corresponding  month  of  1894. 

The  average  daily  range  was  i8°-8. 

Highest  monthly  mean,  2  5°-8  at  Philadelphia  [Centennial  Avenue]. 

Lowest  monthly  mean,  i3°-6  at  Wellsboro. 

Highest  temperature  recorded  during  the  month,  60°  on  the  28th  at 
Pittsburgh. 

Lowest  temperature,  minus  26°  on  the  6th  at  Emporium. 

Greatest  local  monthly  range,  75°  at  Emporium. 

Least  local  monthly  range,  54°  at  South  Bethlehem  and  Wilkes-Barre. 

Greatest  daily  range,  55°  at  Saegerstown. 

PRECIPITATION. 

The  average  precipitation  for  the  State,  for  the  month,  1*22  inches,  is  2*29 
inches  less  than  the  average  [3*5 1]  for  the  past  seven  years. 

General  snows  occurred  on  the  2d,  7th,  8th,  13th  and  21st.  Those  of  the 
7th  and  8th  were  heavy,  and  being  accompanied  by  high  winds  and  low 
temperatures,  the  snow  drifted  badly.  Railroad  trains  were  either  com- 
pletely blocked  or  much  delayed,  and  many  country  roads  rendered  impassa- 
ble for  days. 

Rain  occurred  on  the  28th,  and  was  the  only  rainstorm  during  the  month. 

The  largest  monthly  totals  of  snowfall  in  inches  were  :  Coatesville,  28*2  ; 
Blooming  Grove,  26*0;  Drifton,  25*8,  and  Kennett  Square,  21*2. 

But  little  remained  on  ground  at  the  end  of  the  month,  and  this  was  in 
patches,  being  the  remains  of  the  heavy  drifts. 

The  largest  monthly  totals  of  rainfall  and  melted  snow  in  inches  were: 
Blooming  Grove,  3*47 ;  Coatesville,  2*93;  Stoyestown,  2"6o;  Drifton,  2*58  ; 
Saegerstown,  2*38,  and  Wilkes-Barre,  2*32. 

The  least  were:  Aitoona,  o'i7;  State  College,  0*22  ;  Huntingdon,  0*46 ; 
Davis  Island  Dam,  o"46  ;  Elwood  Junction,  0*47  ;  Emporium,  0*50 ;  and  Tow- 
anda,  0*50. 

WIND   AND    WEATHER. 

The  prevailing  wind  was  from  the  Northwest. 

Average  number :  rainy  days,  6 ;  clear  days,  10 ;  fair  days,  10 ;  cloudy 
days,  8. 


BAROMETER. 

The  mean  pressure  for  the  month,  30*07,  is  'about  "03  below  the  normal. 
At  the  United  States  Weather  Bureau  Stations,  the  highest  observed  was 
30*57  at  Harrisburg  on  the  24th,  and  the  lowest  2930  at  Philadelphia  on  the 
7th. 

MISCELLANEOUS    PHENOMENA. 

Snow. — Hamburg,  2d,  7th,  21st;  Altoona,  ist,  8th,  21st,  28th  ;  Hollidays- 
burg,  7th,  8th,  13th,  2ist,  28th;  Le  Roy,  3d,  5th,  8th,  9th,  loth,  nth,  14th, 
20th,  2ist;  Towanda,  7th,  8th,  13th;  Quakertown,  2d,  4th,  8th,  13th,  21st, 
23d;  Cassandria,  2d,  4th,  8th,  13th,  21st,  23d;  Emporium,  7th,  8th,  2i£t; 
East  Mauch  Chunk,  2d,  7th,  8th,  13th,  21st;  State  College,  2d,  7th  ;  West 
Chester,  2d,  7th,  8th,  13th,  21st;  Coatesville,  2d,  7th,  8th,  13th,  21st,  23d; 
Kennett  Square,  2d,  4th,  7th,  8th,  13th,  21st;  Phoenixville,  2d,  7th,  8th; 
Westtown,  2d,  7th,  8th,  21st;  Grampian,  4th,  7th,  8th,  13th,  14th,  i8th,  20th, 
23d;  Lock  Haven,  7th,  8th,  13th,  21st ;  Saegerstown,  7th,  8th,  13th,  19th,  20th, 
2ist;  Carlisle,  3d,  8th,  9th  ;  Uniontown,  7th,  8th,  9th,  12th,  13th;  Chambers- 
burg,  7th,  8th,  13th  ;  Huntingdon,  2d,  6th,  13th  ;  Lancaster,  2d,  7th,  8th,  13th; 
Lebanon,  2d,  4th,  7th,  8th,  13th,  21st,  23d;  Coopersburg,  2d,  7th,  8th,  13th, 
2ist,  23d;  Drifton,  2d,  3d,  7th,  8th,  13th,  14th,  21st,  25th;  Wilkes-Barre,  2d, 
4th,  7th,  8th,  9th,  2ist;  Williamsport,  7th,  8th,  13th,  23d;  Smethport,  8th, 
9th,  2ist;  Greenville,  9th,  1 8th,  19th  ;  Pottstown,  2d,  7th,  13th,  21st ;  South 
Bethlehem,  2d,  4th,  7th,  8th,  13th,  21st;  Easton,  2d,  4th,  7th,  8th,  13th, 
2ist;  Aqueduct,  2d,  7th,  13th,  21st;  Philadelphia  [Centennial  Avenue],  2d, 
4th,  7th,  8th,  13th,  2ist,  23d;  Blooming  Grove,  2d,  7lh,  8th,  9th,  13th,  21st; 
Shingle  House,  8th,  9th,  24th;  Selins  Grove,  2d,  7th,  8th,  13th,  23d;  Som- 
erset, 6th,  7th,  8th,  9th,  13th,  2ist;  Wellsboro,  7th,  8th,  i8th,  21st;  Lewis- 
burg,  7th,  8th,  2ist,  23d  ;  Dyberry,  2d,  4th,  7th,  8th,  21st ;  Honesdale,  2d,  4th, 
7th,  8th,  13th,  2ist;  Salem  Corners,  2d,  4th,  5th,  8th,  13th,  21st,  22d ;  South 
Eaton,  7th,  8th  ;  York,  2d,  7th,  8th,   13th,  21st. 

Aurora. — Le  Roy,  14th,  15th,  23d  ;  Saegerstown,  15th,  23d  ;  Dyberry,  15th, 
23d. 

Solar  Halo. — Le  Roy,  12th,  27th;  Towanda,  12th,  20th  ;  South  Bethle- 
hem, 7th;  Philadelphia  \yR Q2X\it.x  Bureau],  ist,  3d,  6th,  12th;  [Centennial 
Avenue],  ist,  6th,  12th,  19th,  27th;  Wellsboro,  12th. 

Lunar  Halo. — Le  Roy,  3d,  6th  ;  Towanda,  3d,  6th  ;  Emporium,  7th  ;  West 
Chester,  ist,  6th  ;  Phoenixville,  6th  ;  Lebanon,  ist,  6th  ;  Philadelphia  [Weather 
Bureau],  ist,  3d,  6th,  12th;  [Centennial  Avenue],  ist,  3d,  6th;  Wellsboro, 
3d  ;  Lewisburg,  6th. 


PRECIPITATION    DURING   FEBRUARY,    1 895. 


I>«lmware  BasLu 

Bethlehem,  .  .  . 
Blooming  Orovc, 
Browers  Lock,  . 
Coatesville,  .  .  . 
Coopenburg,     ,   . 


Oiisville,  .  .  . 
Pbiladelphia,  af 
Philadelphia,  b,  . 
PhcEQixviUe.  .  . 
Point  Pleasant,  . 
Pottstown,  .  (  . 
QuakertowD,  .  . 
Rcjdingj  .... 
(Salem  Corners) 

SeUboltiville,    .  . 
Smith's  Comer,   . 

West  Chester,  .'  ', 

WesttowTi,     .   .   . 

Sasgoehanna  Basin. 

(Aqueduct)  Logasia, 

Driflon,  .... 

Emporium,  .  . 
Girardville,    .   , 

Harrisborg.t  . 
Hoiii  days  burg, 
UuDtiogdoD. .  . 
Lancaster,  .  .  . 
Lebanon,  .  .  . 
Le  Rov,  .... 


Wellsboro,     . 
Willcev-Barre. 

Williamsport, 


28     29     30     31    Total. 


OUo  Basin. 

Beaver  Dam, 
Brookville,  . 
Cassandria,  . 
Clarion,  .  .  . 
Confluence,  , 
Davis  Island  Dam 
Dubois.  ... 
Elwood  Junctio 

Greensboro,  .   , 
Greenville,     .    , 


Oil  City,  . 
Parker  s  Landing, 
Pittsburg.t 
Ridgway,  , 
Saegerstown 
Salts  burg,  . 
Shingle  Hou 
Smethport, 


West  Newtoii, '. 
Potomac  Basin, 

Chambersbiirg, 


tU.  S.  Weather  Bateau  StatiODi.    *  Missing,    |  Amount  included  i 
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MEAN  TEMPERATURE,  RAINEALL  AND  PREVAILING  WIND  DIRECTION  FOR  MARCH,   1895, 
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PENNSYLVANIA  STATE  WEATHER  SERVICE. 

UNDER  THE  DIRECTION  OF  THE  FRANKLIN  INSTITUTE, 

CO-OPERATINQ     WITH     THE 

UNITED  STATES  DEPARTMENT  OF  AGRICULTURE,  WEATHER  BUREAU. 

T.  F.  TowNSEND,  Weather  Bureau,  Observer  in  Charge. 


MONTHLY  WEATHER  REVIEW. 
For   March,  1895. 


Hall  of  the  Franklin  Institute, 

Philadelphia,  March  31,  1895. 

general  review. 

The  average  temperature  for  March,  1895,  33°'8,  is  i°-5  below  the 
average  [35°"  3]  for  the  past  seven  years. 

The  highest  recorded  temperatures  occurred  on  the  ist,  24th,  25th  and 
31st,  and  were  as  follows:  Coatesville,  70°;  Uniontown,  68°;  Lancaster,  67°; 
Pottstown,  67°,  and  Lycippus,  67°. 

The  lowest  were  on  the  3d.  5th,  14th  and  15th:  Wellsboro,  minus  4°; 
Smethport,  1°;  Shingle  House,  1°;  and  Edinboro,  1°. 

At  the  close  of  the  month,  grain  and  grass  appear  to  have  wintered  well, 
but  all  vegetation  is  backward,  with  but  few  signs  of  spring. 

From  January  i,  1895,  to  March  31,  1895,  the  accumulated  deficiency  in 
daily  mean  temperature  at  Philadelphia  was  328°;  at  Erie,  419°,  and  at 
Pittsburgh,  483°. 

For  the  same  period  the  deficiency  in  precipitation,  in  inches,  at  Philadel- 
phia, was  r23;  Erie  3*40,  and  at  Pittsburgh,  308. 


temperature. 


Mean 
Mea  n  Precipita  tion , 


Temperature.  Inches. 

March,  1888 3i°-i  3"55 

1889 38°'9  2-90 

1890 33'''4  5"i5 

1891 34°"i  510 

1892 32°o  4'i4 

1893 34°7  2-52 

1894, 43°*2  1-63 

1895 33°-8  2-31 


The  means  of  the  daily  maximum  and  minimum  temperatures,  42°'9  and 
24°-8,  respectively,  give  a  monthly  mean  of  33°*8,  which  is  9°*4  below  the 
corresponding  month  of  1894. 

The  average  daily  range  was  i8°i. 

Highest  monthly  mean,  39°" 3  at  Philadelphia  [Centennial  Avenue]. 

Lowest  monthly  mean,  26°'6  at  Le  Roy  and  Wellsboro. 

Highest  temperature  recorded  during  the  month,  70°  on  the  ist  at 
Coatesville. 

Lowest  temperature,  minus  4°  on  the  3d  at  Wellsboro. 

Greatest  local  monthly  range,  63°  at  Shingle  House. 

Least  local  monthly  range,  40°  at  South  Bethlehem. 

Greatest  daily  range,  55°  at  Drifton. 

PRECIPITATION. 

The  average  precipitation  for  the  State,  for  the  month,  2*3 1  inches,  is  r26 
inches  less  than  the  average  [3*57]  for  the  past  seven  years. 

General  snows  occurred  on  the  2d,  9th,  nth,  12th,  15th  and  i6th,  but  they 
were  mostly  light  and  without  drift.  Most  of  the  snow  remaining  on  ground 
at  the  end  of  the  month,  was  the  remains  of  the  heavy  drifts  in  February. 

The  heaviest  snowfall  totals  in  inches  for  the  month  were  :  Cassandria, 
22'o;  Somerset,  20-5  ;  Wellsboro,  i8-o,  and  Salem  Corners,   12-6. 

The  largest  totals  of  rainfall  and  melted  snow  in  inches  were :  Conflu- 
ence, 4*03;  Uniontown,  3*86;  Carlisle,  3"67  ;  Stoyestown,  3*66;  Phoenixville, 
3"6i  ;  Pottstown,  3" 57,  and  Forks  of  Neshaminy,  3*51. 

The  least  were:  Elwood  Junction,  0*99;  State  College,  1*03;  Altoona, 
1*05;  Saegerstown,  ri4;  WiUiamsport,  \'\6,  and  Towanda,  i'28. 

WIND   AND   WEATHER. 

The  prevailing  wind  was  from  the  Northwest. 

Average  number:  rainy  days,  11;  clear  days,  10;  fair  days,  10;  cloudy 

days,  II. 

BAROMETER. 

The  mean  pressure  for  the  month,  30"04,  is  about  "02  above  the  normal. 
At  the  United  States  Weather  Bureau  Stations,  the  highest  observed  was 
30'65  at  Harrisburg  on  the  23d,  and  the  lowest  29*44  at  Erie  on  the  ist. 

MISCELLANEOUS   PHENOMENA. 

Thicnderstorms . — HoUidaysburg,  25th,  26th;  Le  Roy,  25th;  Towanda. 
25th;  Quakertown,  25th;  Cassandria,  25th,  27th;  Emporium,  25th;  East 
Mauch  Chunk,  25th;  State  College,  27th;  West  Chester,  25th;  Coatesville,  25th; 
Kennett  Square,  25th  ;  Phcenixville,  25th ;  Lock  Haven,  25th,  27th;  Union- 
town,  27th  ;  Huntingdon,  25th  ;  Coopersburg,  25th  ;  WiUiamsport,  8th,  25th, 
31st;  Smethport,  25th;  Pottstown,  25th  ;  South  Bethlehem,  25th;  Easton, 
25th  ;  Logania,  9th,  25th  ;  Selins  Grove,  9th,  25th,  27th,  28th  ;  Somerset,  25th, 
27th;  Wellsboro,  25th  ;  Lewisburg,  24th,  28th,  31st ;  Dyberry,  25th  ;  Hamlin- 
ton,  25th;   South  Eaton,  25th. 


Hail. — Gettysburg,  15th;  Towanda,  30th;  Kennett  Square,  9th,  15th; 
Phoenixville,  14th,  15th;  Wilkes-Barre,  30th;  South  Bethlehem,  15th;  Loga- 
aia,  25th  ;  Blooming  Grove,  30th  ;  Selins  Grove,  28th  ;  Dyberry,  13th,  15th  ; 
Honesdale,  30th;  Hamlinton,  15th;  York,  15th. 

Snow. — Gettysburg,  2d,  nth,  15th,  i6th;  Hamburg,  2d,  9th,  nth,  12th; 
Hollidaysburg,  2d,  iith,  12th,  15th,  i6th,  i8th,  24th;  Le  Roy,  2d,  4th,  6th, 
9th,  15th,  26th,  27th;  Towanda,  2d,  6th,  15th,  26th;  Quakertown,  2d,  15th, 
16th;  Cassandria,  2d,  6th,  9th,  12th,  14th,  15th,  i6th,  17th,  18th,  26th;  Em- 
porium, 2d,  4th,  6th,  7th,  9th,  15th,  i6th,  24th;  East  Mauch  Chunk,  3d,  9th, 
1 2th,  15th,  i6th  ;  State  College,  2d,  9th,  15th,  i6th,  i8th,  24th  ;  West  Chester, 
nth;  Coatesville,  2d,  9th,  nth,  15th,  i6th  ;  Kennett  Square,  ist,  nth,  15th  ; 
Phoenixville,  2d,  nth,  15th;  Grampian,  2d,  4th,  6th,  7th,  9th,  12th,  15th, 
i6th,  24th;  Lock  Haven.  2d,  6th,  9th,  13th,  14th,  15th,  i6th,  24th;  Carlisle. 
nth,  15th,  i6th,  24th;  Uniontown,  2d,  8th,  i6th  ;  Huntingdon,  2d,  nth,  15th, 
24th;  Lancaster,  2d,  nth,  12th,  13th,  14th,  15th,  i6th  ;  Lebanon,  2d,  9th,  nth, 
12th,  15th,  i6th,  24th;  Coopersburg,  2d,  9th,  15th,  i6th;  White  Haven,  2d, 
7th,  9th,  28th  ;  Wilkes-Barre,  2d,  9th,  12th,  15th  ;  Williamsport,  2d,  6th,  8th, 
i6th;  Smethport,  4th,  6th,  7th,  i6th,  24th,  26th;  Pottstown,  2d,  9th,  nth, 
14th,  15th  ;  South  Bethlehem,  2d,  9th,  12th,  15th,  i6th  ;  Easton,  2d,  9th.  i6th  ; 
Logania,  2d,  9th,  nth,  J4th,  15th,  24th;  Philadelphia  [Centennial  Avenue], 
2d,  9th,  nth,  15th,  26th;  Blooming  Grove,  2d,  6lh ;  Shingle  House,  4th,  6th, 
7th,  15th,  24th,  25th,  26th,  27th;  Selins  Grove,  2d,  9th,  12th,  15th,  i6th  ; 
Somerset,  2d,  8th,  loth,  14th,  15th,  17th,  i8th,  24th,  26th;  Wellsboro,  2d, 
4th,  6th,  9th,  nth,  15th;  Lewisburg,  2d,  9th,  nth,  15th,  i6th,  24th;  Dyberry, 
2d.  4th,  6th,  1 2th,  13th,  15th,  26th,  28th;  Honesdale,  2d,  6th,  12th,  15th,  26th; 
Hamlinton,  2d,  4th,  6th,  9th,  12th,  15th,  i6th,  24th,  26th;  Lycippus,  2d,  8th, 
9th,  15th,  i8th,  27th;  South  Eaton,  2d,  9th,  15th;  York,  2d,  9th,  nth,  15th, 
i6th,  24th,  26th. 

Sleet. — Gettysburg,  15th,  24th;  Hollidaysburg,  15th;  Towanda,  30th; 
Quakertown,  2d,  15th,  30th;  Coatesville,  15th;  Kennett  Square,  12th,  15th; 
Lock  Haven,  4th;  Huntingdon,  15th;  Lancaster,  15th;  Lebanon,  25th; 
Coopersburg,  15th  ;  White  Haven,  15th;  Easton,  15th;  Logania,  9th,  14th, 
15th,  29th;  Philadelphia  [Centennial  Avenue],  2d,  15th,  29th;  Selins  Grove, 
15th;  Dyberry,  13th,  15th;  Honesdale,  12th,  13th. 

CoroncE. — Towanda,  3d,  8th. 

Solar  Halo. — Philadelphia  [Weather  Bureau],  27th  ;  [Centennial  Ave- 
nue], 2ist,  24th,  27th;  Wellsboro,  20th. 

Lunar  Halo. — Towanda,  3d. 

Parhelias. — Le  Roy,  31st;  Towanda,  nth. 
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Ohio  B»Bln. 

Beaver  Dam, 
Urookvitlc,  . 
Cassandria,  . 
Clarion,  .  .  . 
Conduence,  . 
Davis  Island  Dam, 

DuBois 

Elwood  Junction, 

Greensboro,  .  . 
Oreenville,  .  . 
(Immel  Reservoir) 

L.ycippus, 
JohnslowD, 
lock  No.  4. 
Mahoning, 
OilCily,    .       _ 
Parker's  Landing, 
Pittsburg,! 
Ridgway,  . 
Sacgerstown, 
Saltsburg, . 
Shingle  Hou 
Smctnport, 
Somerset,  . 
Stoyestown, 
Un.ontown, 

West  Ncwtoi  . 
Potomac  BhbUi. 
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PENNSYLVANIA  STATE  WEATHER  SERVICE, 

UNDER  THE  DIRECTION  OF  THE  FRANKLIN  INSTITUTE, 

CO-OPERATINQ     WITH     THE 

UNITED  STATES  DEPARTMENT  OF  AGRICULTURE,  WEATHER  BUREAU. 

T.  F.  TowNSEND,  Weather  Bureau,  Observer  in  Charge. 


MONTHLY  WEATHER  REVIEW. 
For   April,  1895. 


Hall  of  the  Franklin  Institute, 

Philadelphia,  April  30,  1895. 

general  review. 

The  average  temperature  for  April,  1895,  49°'2,  is  i°"2  above  the 
average  [48°'o]  for  the  past  seven  years. 

The  highest  recorded  temperatures  occurred  on  the  25th  and  were  as 
follows:  Aqueduct,  Logan  i  a,  90° ;  Lock  Haven,  88°;  Carlisle,  87°;  Coates- 
ville,  87°;  and  Pottstown,  87°. 

The  lowest  were  on  the  4th  and  nth:  Shingle  House,  5°;  Saegerstown, 
17°;  Dyberry,  18°;  and  Smethport,  18°. 

At  the  close  of  the  month,  grain  and  grass  were  in  good  condition,  but  had 
made  slow  growth  and  all  vegetation  continued  unusually  late  and  backward. 

From  January  i,  1895,  to  April  30,  1895,  the  accumulated  deficiency  in 
daily  mean  temperature  at  Philadelphia  was  298°;  at  Erie,  422°,  and  at 
Pittsburgh,  399°. 

For  the  same  period  the  excess  in  precipitation,  in  inches,  at  Philadelphia, 
was  2*05  ;  and  deficiency  at  Erie  3*96,  and  at  Pittsburgh,  3*09. 


TEMPERATURE. 


Mean 
Mean  Precipitation, 


Temperature.  Inches. 

April,  1888 46°-5  2-52 

1889 48°7  4-50 

1890 48°7  3-46 

1891  49°'8  208 

1892 47°  o  2*04 

1893 47°'6  474 

1894 48°'o  3-62 

1895  49*''2  376^ 


The  means  of  the  daily  maximum  and  minimum  temperatures,  59°'8  and 
38°7,  respectively,  give  a  monthly  mean  of  49°'2,  which  is  i°-2  above  the 
corresponding  month  of  1894. 

The  average  daily  range  was  21°' I. 

Highest  monthly  mean,  54°-o  at  Pittsburgh. 

Lowest  monthly  mean,  42°7  at  Wellsboro. 

Highest  temperature  recorded  during  the  month,  90°  on  the  25th  at 
Aqueduct,  Logania. 

Lowest  temperature,  5°  on  the  4th  at  Shingle  House. 

Greatest  local  monthly  range,  73°  at  Shingle  House. 

Least  local  monthly  range,  52°  at  Easton  and  Philadelphia  [Weather 
Bureau]. 

Greatest  daily  range,  49°  at  Drifton. 

PRECIPITATION. 

The  average  precipitation  for  the  State,  for  the  month,  376  inches,  is  0-48 
inches  more  than  the  average  [3*28]  for  the  past  seven  years. 

Only  a  few  stations  had  snowfall  in  measurable  quantities. 

General  rains  occurred  on  the  ist,  2d,  8th,  9th,  13th,  22d,  27th,  28th,  29th 
and  30th. 

The  largest  monthly  totals  of  rainfall  and  melted  snow  in  inches  were : 
Seisholtzville,  7-09  ;  Hamburg,  6-85  ;  East  Mauch  Chunk,  6-32  ;  Philadelphia 
[Weather  Bureau],  6*14 ;  Forks  of  Neshaminy,  6-04,  and  Point  Pleasant,  5-99. 

The  least  were:  Lock  Haven,  079;  Beaver  Dam,  i'29;  Saegerstown, 
i'4o;  Elwood  Junction,   i-66;  Towanda,  170,  and  Davis  Island  Dam,  r8o. 

WIND   AND    WEATHER. 

The  prevailing  wind  was  from  the  Northwest. 

Average  number:  rainy  days,  10;  clear  days,  10;  fair  days,  8;  cloudy 
days,  12. 

BAROMETER. 

The  mean  pressure  for  the  month,  30*04,  is  about  '04  above  the  normal. 
At  the  United  States  Weather  Bureau  Stations,  the  highest  observed  was 
30*67  at  Philadelphia  on  the  12th,  and  the  lowest  29*36  at  Philadelphia  on 
the  9th. 

MISCELLANEOUS    PHENOMENA. 

Thunderstorms. — Gettysburg,  13th;  Le  Roy,  25th;  Towanda,  25th,  27th, 
29th;  East  Mauch  Chunk,  26th;  State  College,  26th;  Grampian,  13th; 
Uniontown,  13th,  14th;  Coopersburg,  ist;  White  Haven,  27th;  Wilkes- 
Barre,  26th  ;  Easton,  9th  ;  Blooming  Grove,  9th  ;  Lewisburg,  27th  ;  Dyberry, 
9th,  25th,  27th ;  Honesdale,  9th,  27th ;  South  Eaton,  9th,  25th,  27th. 

Hail. — Gettysburg,  13th;  Le  Roy,  13th;  State  College,  13th;  Uniontown, 
13th;  Easton,  2d;  Dyberry,   ist. 

Snow. — Le  Roy,  3d,  15th;  Grampian,  2d;  Drifton,  2d;  Coopersburg,  3d; 
Smethport,  2d;  Blooming  Grove,  2d;  Dyberry,  2d,  3d;  Honesdale,  2d,  3d. 


Frost. — Hollidaysburg,  3d,  4th,  nth,  I4lh,  i8th,  19th;  Towanda,  i8th, 
19th,  20th,  24th;  Quakerlown,  4th,  5th,  i8th,  21st,  23d,  24th;  Cassandria, 
loth,  nth,  14th,  iSth,  19th;  Emporium,  5th,  nth,  18th,  19th,  20th,  24th; 
East  Mauch  Chunk,  5th,  i8th,  19th  ;  State  College,  i8th,  19th,  24th  ;  Saegers- 
town,  17th,  1 8th,  19th,  2 1  St,  24th;  Uniontown,  3d,  loth,  nth,  19th,  20th,  21st, 
24th  ;  Lebanon,  5th,  12th;  Williamsport,  iSth,  24th  ;  Pottstown,  4th,  5th,  nth, 
I2th,  i8th;  South  Bethlehem,  3d,  4th,  5th,  nth,  12th,  i8th;  Easton,  5th,  iSthj 
19th,  24th;  Logania,  iSth,  19th;  Philadelphia  [\\t2i\her  Bureau],  1 8th ; 
[Centennial  Avenue],  nth,  i8th,  21st,  24th;  Blooming  Grove,  i8th,  19th, 
23d,  24th;  Selins  Grove,  4th;  Somerset,  24th;  Wellsboro,  2d,  3d,  4th,  5th,. 
joth,  nth,  I2th,  i8th,  19th,  20th,  23d,  24th ;  Dyberry,  ist,  6th,  nth,  12th, 
16th,  17th,  i8th,  19th,  20th,  2ist,  23d,  24th  ;  South  Eaton,  4th,  5th,  6th,  18th, 
24th  ;  York,  4th,  19th. 

Aurora. — Le  Roy,  nth,  19th;  Saegerstown,  loth. 

Solar  Halo. — Le  Roy,  12th;  Philadelphia,  Centennial  Avenue,  6th,  12th, 
17th,  22d  ;  Wellsboro,  12th. 

Lunar  Halo. — Towanda,    5th ;   Philadelphia,   Centennial   Avenue,   6th  ; 
Wellsboro,  5th. 

Parhelias. — Saegerstown,  5th. 
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DavLi  Iftlaiid  Dun, 
DuBoit. .  .  . 
Elwood  Junction, 
Kreepon,  .  ,  , 
Greensboro,  .  , 
GrecDvilk,  .  . 
(lamcl  Rflscnreb) 

L.jrclpput, 
lohuiowo, 


RIdgwsy,  . 
Smesentowa, 
Skltftburg, . 
Shlngk  Hou 
Smetnpon, 


Unfoniowa. 

Weil  Nc«t'< 
Potomno  Basin. 
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MEAN  TEMPERATURE,  RAINFALL  AND  PREVAILING  WIND  DIRECTION  FOR  APRIL,   1895, 


PENNSYLVANIA  STATE  WEATHER  SERVICE. 

UNDER  THE  DIRECTION  OF  THE  FRANKLIN  INSTITUTE, 

CO-OPERATINO     WITH     THE 

UNITED  STATES  DEPARTMENT  OF  AGRICULTURE.  WEATHER  BUREAU. 

T.  F.  TowNSEND,  Weather  Bureau,  Observer  in  Charge. 


MONTHLY  WEATHER  REVIEW. 
For   May,  1895. 


Hall  of  the  Franklin  Institute, 

Philadelphia,  May  31,  1895. 

general  review. 

The  average  temperature  for  May,  1895,  6o°*6,  is  i°"4  above  the 
average  [59°'2]  for  the  past  seven  years. 

The  highest  recorded  temperatures  occurred  on  the  30th  and  31st,  and 
were  as  follows:  HoUidaysburg,  110°;  Lock  Haven,  102°;  Logania,  101°; 
and  Carlisle,  100°. 

The  lowest  were  on  the  17th:  Smethport,  22°;  Shingle  House,  23°; 
Saegerstown,  24°;  Wellsboro,  24°;  and  Dyberry,  24°. 

High  temperatures  prevailed  until  the  iith,  causing  rapid  growth  to  vege- 
tation. On  the  night  of  the  I2th-I3th  a  severe  frost  occurred,  which  killed 
the  greater  portion  of  the  grape  crop  and  badly  injured  other  fruits.  This 
was  followed  on  the  17th  by  another  damaging  frost  and  freeze,  which  added 
additional  injury  to  fruit,  corn  and  early  vegetables,  Damaging  frosts 
occurred  again  on  the  21st,  22d  and  23d.  Unusually  high  temperatures 
occurred  during  the  balance  of  the  month. 

From  January  i,  1895,  to  May  31,  1895,  the  accumulated  deficiency  in 
daily  mean  temperature  at  Philadelphia  was  295°;  at  Erie,  327°,  and  at 
Pittsburgh,  373°. 

For  the  same  period  the  excess  in  precipitation,  in  inches,  at  Philadelphia, 
was  0'8o;  and  deficiency  at  Erie  4*89,  and  at  Pittsburgh,  4-49.. 


TEMPERATURE. 

Mean 
Mean  Precipitation, 

Temperature.  Inches. 

May,  1888 57°-6  4-24 

1889 62°-o  5-91 

1890 58°-8  671 

1891  57°-5  2*12 

1892 59°'5  570 

1893 58°-o  5-54 

1894 6o°-8  8-88 

1895  6o°-6  2-68 

The  means  of  the  daily  maximum  and  minimum  temperatures,  72°*5  and 
48°'6,  respectively,  give  a  monthly  mean  of  6o°-6,  which  is  o°-2  below  the 
corresponding  month  of  1894. 

The  average  daily  range  was  23°'9. 

Highest  monthly  mean,  63°-6  at  Immel  Reservoir  (Lycippus)  and  Potts- 
town. 

Lowest  monthly  mean,  56°'6  at  Shingle  House. 

Highest  temperature  recorded  during  the  month,  110°  on  the  30th  at 
Hollidaysburg. 

Lowest  temperature,  22°  on  the  17th  at  Smethport. 

Greatest  local  monthly  range,  85°  at  Hollidaysburg. 

Least  local  monthly  range,  53°  at  Erie. 

Greatest  daily  range,  52°  at  Wilkes-Barre. 

PRECIPITATION. 

The  average  precipitation  for  the  State,  for  the  month,  2"68  inches,  is  2*90 
inches  less  than  the  average  [5*58]  for  the  past  seven  years. 

The  rainfall  was  generally  well  distributed  and  timely. 

The  largest  monthly  totals  of  rainfall  in  inches  were :  Wellsboro,  &^6 ; 
Cassandria,  4-66;  Oil  City,  4-22;  Wilkes-Barre,  4'i6;  Pottstown,  3-89;  and 
Frederick,  376. 

The  least  were:  Altoona,  o*8o;  Beaver  Dam,  i"i9;  Immel  Reservoir 
(Lycippus),  i'34;  Greensboro,  1*55;  Stoyestown,  1.70;  and  Brookville,  171. 

WIND   AND   WEATHER. 

The  prevailing  wind  was  from  the  West. 

Average  number:  rainy  days,  9;  clear  days,  13;  fair  days,  10;  cloudy 
days,  8. 

BAROMETER. 

The  mean  pressure  for  the  month,  30-07 ,  is  about  '07  above  the  normal. 
At  the  United  States  Weather  Bureau  Stations,  the  highest  observed  was 
30*36  at  Philadelphia  on  the  ist,  and  the  lowest  29*61  at  Harrisburg  on  the 
nth  and  Erie  on  the  26th, 


MISCELLANEOUS    PHENOMENA. 

Thunderstorms. — HoUidaysburg,  7th,  8th,  iith,  26th;  Le  Roy,  7th,  8th, 
nth;  Towanda,  7th,  8th,  nth;  (^uakertown,  27th;  Cassandria,  7th,  26th; 
Johnstown,  7th,  8th,  nth;  Emporium,  7th,  8th,  26th;  East  Mauch  Chunk, 
8th;  State  College,  7th,  nth,  19th;  Coatesville,  27th;  Kennett  Square,  27th; 
Westtown,  27th  ;  Lock  Haven,  4th,  7th,  8th,  nth,  27th;  Saegerstown,  6th, 
7th,  nth;  Harrisburg,  8th,  nth;  Uniontown,  6th,  7th;  Huntingdon,  5th, 
9th,  loth;  Lebanon,  8th,  31st  ;  Coopersburg,  nth,  27th;  White  Haven,  8th, 
nth;  Wilkes-Barre,  31st ;  Williamsport,  7th,  8th,  nth,  31st;  Easton,  31st; 
Aqueduct,  Logania,  8th,  nth  ;  Philadelphia  [Weather  Bureau],  27th  ;  [Cen- 
tennial Avenue],  27th;  Blooming  Grove,  8th,  nth;  Somerset,  7th,  nth; 
Lewisburg,  8th,  nth;  Dyberry,  8th,  nth,  31st;  Honesdale,  8th,  25th,  31st; 
Salem  Corners  (Hamlinton),  8th,  nth;  South  Eaton,  8th,  nth. 

Hail. — Lock  Haven,  4th  ;  Williamsport,  12th. 

Frost. — Gettysburg,  13th,  17th;  Pittsburgh,  13th,  17th,  20th,  21st,  22d; 
HoUidaysburg,  13th,  17th,  20th,  22d ;  Le  Roy,  13th,  i6th,  17th,  20th,  21st, 
22d ;  Towanda,  i6th,  17th,  22d ;  Forks  of  Neshaminy,  17th;  Quakertown, 
i6th,  17th,  22d,  23d;  Cassandria,  ^\\\v,  15th,  17th,  i8th,  20th,  22d  ;  Johns- 
town, 13th,  15th,  17th,  22d,  23d;  Emporium,  13th,  i6th,  17th,  20th,  21st,  22d, 
23d;  East  Mauch  Chunk,  17th,  22d  ;  State  College,  13th,  17th,  22d  ;  Coates- 
ville, 17th,  22d;  Kennett  Square,  15th,  17th;  Phcenixville,  13th,  15th,  17th; 
Westtown,  17th;  Lock  Haven,  13th,  17th;  Saegerstown,  12th,  13th,  14th, 
i6th,  17th,  i8th,  2ist,  22d,  23d;  Carlisle,  17th;  Harrisburg,  17th,  22d ; 
Edinboro,  12th,  21st;  Uniontown,  13th,  17th,  22d,  23d,  28th;  Chambersburg, 
22d ;  Huntingdon,  17th,  22d ;  Lebanon,  17th,  22d ;  Coopersburg,  17th; 
Drifton,  21st;  White  Haven,  i6th,  17th,  22d,  23d;  Wilkes-Barre,  17th; 
Williamsport,  17th,  22d  ;  Greenville,  13th,  17th,  i8th,  21st;  Pottstown,  17th  ; 
South  Bethlehem,  17th;  Easton,  17th;  Aqueduct,  Logania,  2d,  15th,  i6th, 
17th,  22d,  23d  ;  Philadelphia  [Weather  Bureau],  17th  ;  [Centennial  Avenue], 
17th  ;  Blooming  Grove,  i6th.  17th;  Shingle  House,  13th,  i6th,  17th,  20th, 
2ist,  23d  ;  Selins  Grove,  13th,  17th,  21st;  Somerset,  10th,  13th,  17th,  i8th, 
22d  ;  Wellsboro,  13th,  i6th,  17th,  i8th,  20th,  22d ;  Lewisburg,  17th,  20th. 
22d  ;  Dyberry,  2d,  3d,  13th,  i6th,  17th,  20th,  •  21st,  22d,  23d,  29th;  Hones- 
dale,  13th,  14th,  i6th,  17th,  22d,  23d  ;  Salem  Corners  (Hamlinton),  13th,  14th, 
•15th.  i6th,  17th,  i8th,  22d;  South  Eaton,  i6th,  22d,  23d;  York,  17th. 

Sleet. — Le  Roy,  12th;  Salem  Corners  (Hamlinton),  12th. 
Corona: . — Towanda,  4th,  5th,  30th. 

Solar  Halo. — Le  Roy,  i6th,  17th;  Towanda,  15th,  18th;  South  Bethlehem, 
T7th  ;  Philadelphia,  {[Weather  Bureau],  17th  ;  [Centennial  Avenue],  2d, 
nth,  17th,  24th;    Wellsboro,  17th. 

Lunar  Halo. — Towanda,  3d;   Philadelphia,  [Weather  Bureau],  7th. 

Parhelias. — Le  Roy,  3d. 
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Blooming  Grovi 
Browen  Lock, 
Coatesville,  .  , 
Coopenburg, 
DovitMowD,. 
DyDcrry,    .   .   , 

Easton 

Forks  of  Ncshaminy, 
Frederick,  ,  . 
Hamburg,  .  . 
HonesdJe.  .  . 
Kennctt  Square, 
Laosdalc,  .  .  . 
Mauch  Chunk, 
Otisville,  .  . 
Philadelphia,  af 
Philadelphia,  b, 


Phtc 


^'ille, 


t  Pleasant, 
Quakcrtown,     , 


SeishoUiville, 
Smith's  Corner, 
Swarthmore,     , 


buHquehaiiDa  Ba«lti< 

Altoona, .... 
(Aqueduct)  Log! 


Gettysburg,  .  , 
Girardville,  .  , 
Grampian,  .  .  , 
Ham^burg,t  . 
HoUidaysburg, 
Huntingdon. .  , 
Lancaster,  .  ,  , 
Lebanon,  .  ,  , 
Lc  Roy,  ... 


30     31    Total. 


Obio  Basin. 

Beaver  Dam, 

Brookville,     . 
Cassandria,   . 

Confluence,   , 
Davis  Island  Dam, 
DuBois, .   . 
Elwoodjum 


Pittsburg.t  . 
Ridgway,  .  . 
Saegerstown, 
Saltsburg,  .  . 
Shingle  Housi 
Smethport,  . 
Somerset,  .  . 
Stoyestown,  . 
Uniontown,   . 

West  Newton. 
Potomac  BaBln. 

Chambersbiirg,    , 
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